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Preface 


This text has been written in response to requests for a brief general 
biology which would fbllow more or less the method of presentation used 
in the author’s more comprehensive General Biology. The same plan and 
the same sequence of topics have been followed as in the longer text. The 
book is divided into five parts and each part is relatively independent of the 
other parts so that the instructor may to a considerable extent choose his 
own order in presenting the course. The text has been written with a view 
to the use of a minimum of technical terminology consistent with clarity 
and the scientific method. Included is a glossary of technical terms. 

Although it is assumed that the course will include laboratory work on 
the different types and topics studied, where the amount of time is limited 
demonstrations by the instructor could be substituted for actual laboratory 
work by the student. 

James W. Mayor 

Union College 
Schenectady, N. Y. 
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PART I. The Nature of Life 




CHAPTER 1 

Biology as a Science 


1. SCIENCE AND THE SCIENTIFIC METHOD 

A. THE FIELD OF SCIENCE 

It is customary to divide the fields of learning into the humanities and the 
sciences. In the humanities are included those studies which have reference 
especially to the artistic and social activities of humanity, such as literature 
in all languages, history ancient and modern, art in all its forms, and the 
study of society and social customs. The study of the humanities is neces¬ 
sarily made against a traditional and an emotional backgiound. The objec¬ 
tives are cultural and the approach and method are adapted to these ob¬ 
jectives. On the other hand, science aims to give us an accurate and consistent 
mental picture of the material world. To make this picture understandable 
science tries to explain the varied phenomena which pass before our senses 
in terms of general laws. These general laws bring order into the picture, 
and the result is a rational view of the universe and a systematic knowledge 
of nature. The knowledge which mankind has thus been able to acquire has 
proved very useful in solving practical problems, and has had far-reaching 
effects on our way of life and standard of living. The success of science in 
providing this knowledge is due largely to the method which it employs. 
There is no more important intellectual possession or practical advantage 
to be gained from a study of science than a thorough appreciation of its 
method and scope. 

B. A GENERAL OUTLINE OF THE SCIENTIFIC METHOD 

The scientist is first and foremost an observer—an observer who tries 
to see things clearly and exactly as they arc. But he does not stop here; 
he tries to explain what he observes. His explanation is usually given in the 
form of a general statement which correlates and brings into harmony 
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a group or scries of observations. Such a general statement, when first made 
and in its tentative form, is called an hypothesis. After an hypothesis has 
been formulated it must be tested, and it’s here that the scientific method 
shows its particular merit. 

Three types of test may be applied to an hypothesis. In the first of these, 
which is the more direct, further observations similar to those which first 
suggested the hypothesis arc made, perhaps under somew,hat different con¬ 
ditions. Since the hypothesis is now definitely on trial, th^^bservations may 
be of a more critical nature and be designed to show specifically whether 
the hypothesis really covers tlie situation. These later observations may 
give further support to the hypothesis, or they may show that it needs 
modification, or that it should be abandoned entirely. In the second type 
of test, which is less direct, a logical deduction may be made from the 
hypothesis—a deduction which seems to follow necessarily from the hy¬ 
pothesis and to stand or fall with it. A new series of observations is now 
made to test for the occurrence of a phenomenon indicated in the deduc¬ 
tion. If these new observations show that the indicated phenomenon occurs, 
the original hypothesis is supported; if not, the inconsistency must be ex¬ 
plained. The third type of test requires the use of one or more experi¬ 
ments. In the experiments certain factors, usually variable in the natural 
occurrence of the phenomenon, may be controlled or kept constant, so that 
the particular relationship stated in the hypothesis may be more clearly 
demonstrated. An experiment is usually devised so as to determine whether 
under a given set of conditions a certain event does or does not occur. 

The differences between the three types of test will become clear when 
an example is considered. A careful dissection of the head of an insect re¬ 
veals a slender strand of tissue extending from the "brain" to the eye. This 
leads to the hypothesis that the strand of tissue is the optic nerve along 
which nerve impulses pass from the eye to the brain. The first type of test 
applied to this hypothesis would involve the dissection of more specimens, 
and perhaps specimens of different species of insects, to determine whether 
the structure observed was of constant occurrence; also, a microscopic study 
of the tissue might be made to ascertain whether its structure resembled 
that of nerves in other parts of the body. These observations would prob¬ 
ably make it possible to determine quite definitely whether or not the 
strand of tissue really should be considered the optic nerve. In the second 
type of test the deduction might be made that if the tissue under in¬ 
vestigation is actually the functional pathway for nervous impulses from 
the eye to the brain, it ought to be thicker in insects with large eyes than 
in insects with small eyes and be absent in insects without eyes. A series of 
insects with eyes of various sizes might be examined for this particular 
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feature. If the structure and thickness of the strand of tissue were found 
to be correlated as expected with the size of tlie eyes, the original hypotliesis 
would receive considerable support. To apply the third type of test an ex¬ 
periment would have to be devised. This might consist, first, of a series of 
observations on the reactions of the insect to light, during which it niiglu 
be observed that the insect moved away from a bright light. This deter¬ 
mined, a delicate operation might be performed in which the strand of 
tissue extending from the brain to the eye was cut across. If after the opera¬ 
tion the insect proved to be indifferent to the bright light, evidence of the 
conducting nature of the tissue might be obtained. But the experiment 
would have to be very carefully performed so as to make sure that oidy 
the particular strand of tissue under investigation was cut and also that 
the indifference of the insect after the operation was not due to some other 
effect or effects of the operation. This can be guarded against to a con¬ 
siderable extent by the use of control insects. In these insects all of the 
details of the operative and experimental technique, with the exception of 
the actual cutting of the strand of tissue, would be carried out. If the ex¬ 
periment is to be used as evidence in support of the hypothesis, the control 
animals should behave toward the light in a normal manner or at least in 
a manner consistently different from the operated animals. 

An hypothesis to be accepted as a part of scientific knowledge must not 
only offer a satisfactory explanation of the relevant observations but it must 
also be consistent with the principles which have already been laid down 
for the science. As generally used there is not much difference between the 
terms hypothesis and theory, although there is a tendency to apply the 
term theory to an hypothesis which has been verified and related to the 
other hypotheses and theories in the field. Theories which have been long 
established and form the foundations of a science become laws or principles. 
The term laio as used in science is generally applied to a somewhat re¬ 
stricted and precise generalization; the term principle is usually applied to 
a more inclusive and less precise generalization. Thus the statement that 
“bodies attract each other inversely as the square of their distances and 
directly as their masses" is commonly referred to as the law of gravitation, 
while the conception that “the present diversity of plant and animal life 
on this planet is due to a common descent from primitive ancestors with 
modifications in succeeding generations" is usually referred to as the prin¬ 
ciple of evolution. It should be emphasized that no law or principle of 
science can ever be regarded as absolutely proved; all are subject to modi¬ 
fication with the accumulation of more data and the increase of knowl¬ 
edge. Science, like the material world of which it attempts to give us a 
picture, is itself in evolution. 
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A clear distinction should be made between the term "law of nature'* 
as sometimes used in science and the term "law of the land” or “civil law.” 
A law of nature is simply a generalization based on the known facts. A 
civil law is a regulation decreed by some social body and intended to be 
obeved by the individuals of the society. A law of nature cannot be broken. 
I'he occurrence of an exception to the law merely shows that the law is not 
universal. For example: That gunpowder explodes upon concussion is a 
natural law; that a person may not explode gunpowder on the street is a 
civil law. 


C. THE SYSTEMATIZATION OF SCIENTIFIC KNOWLEDGE 

An essential complement of the scientific method is the systematization, 
classification, and correlation of the information obtained. An observation 
or an hypothesis cannot be regarded as a contribution to science until it has 
been correlated with existing knowledge. The classification of scientific 
knowledge finds expression in the division of science into various branches 
and subbranches. Within each science there is a detailed classification of 
the findings of that science. Only by such an ordered arrangement can new 
facts or new hypotheses be related to knowledge already obtained. Thus 
facts learned in chemistry can be applied to the biological problems which 
arise in the study of respiration, digestion, or excretion; and facts learned 
in biology can be applied to the solution of chemical problems, as for 
example was the case in the discovery of oxygen, which was partly the 
result of studies on respiration. 

The word science comes from the Latin word scientia, which means 
knowledge, but the derived English word has come to be restricted to in¬ 
clude only knowledge acquired by the scientific method. All those sciences 
which deal with the phenomena of nature are grouped together as the 
natural sciences, and arc contrasted with such abstract sciences as mathe¬ 
matics, which deals with the logic of measurement. The natural sciences 
may be divided into those which deal with nonliving phenomena, referred 
to as the inorganic sciences, and those which deal with living phenomena, 
referred to as the organic or biological sciences. The chief inorganic sciences 
are astronomy, geology, chemistry, and physics. Each of these sciences has 
many subdivisions; and borderline sciences have developed in which one or 
more sciences may be combined, as in physical chemistry. 

The biological sciences include biology. Biology, as its etomology indi¬ 
cates (Gr. bios, life; logos, discussion, here science), is the science of life 
or of living things. From the point of view of the kinds of organisms studied, 



Art, 1 SCIENCE AND THE SCIENTIFIC METHOD 


7 


the main division is into botany, which deals with plants, and zoology', 
which deals with animals. 1 he science of botany may itself be divided into 
cryptogamic botany, which deals with the nonllowcring plants, and phaner¬ 
ogamic botany, which is the science of the flowering plants. Bacteriology, 
which deals with bacteria and related organisms, is a branch of crypio- 
gamic botany. The science of zoology is similarly divided into subsciences 
depending on the groups of animals studied. Thus there is the science of 
protozoology, which deals with the unicellular animals; entomology, the 
study of insects; ichthyology, which treats of fishes; ornithology, the study of 
birds; mammalogy, the study of mammals; and anthropology, which deals 
with man. 

From a different point of view, biolog)' may be divided into another 
scries of subsciences. Thus morphology is the study of the form and struc¬ 
ture of organisms; physiology is the study of the function of organs and 
parts of organisms; taxonomy is the study of the classification of plants and 
animals; and paleontology is the study of fossils. The study of organic 
evolution, which deals with the succession of plant and animal types and 
how one descended from another, is also a branch of biology. Genetics, or the 
study of heredity, is another branch. Ecology is the study of organisms in 
relation to their inanimate surroundings and to the other organisms which 
influence their lives. Again, any one of these sciences may be divided into 
subsciences. Thus the science of morphology is divided into anatomy, which 
is the study of the gross structure of organisms; histology, which is the 
study of tissues; and cytology, which is the study of cells. There is also a 
science of comparative morphology with branches of comparative anatomy, 
comparative histolog)-, and comparative cytology, which are concerned with 
the comparison of the structures of different plants and animals. The prin¬ 
ciples and results of physics and chemistry are frequently applied in biology, 
and this practice has led to the development of the sciences of biophysics 

and biochemistry. 


D. THE SCIENTIFIC POINT OF VIEW 

Science is objective, that is, it tries to represent the material world in a 
detached and impartial way, free from prejudice, emotion, or arbitrary 
authority. Science docs not deny the value of emotion in stimulating 
thought and action, but it simply docs not and cannot employ it in its 
method of .searching for truth. Nor does science deny the concept of pur¬ 
pose in the universe. Here again it simply does not admit that by assuming 
a particular purpose, an explanation of a natural phenomenon is given. 
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Its aim is to record the facts as they are presented to the senses and by 
means of generalizations and deductions to sveld them into a rational sys¬ 
tem. 

2. BIOLOGY IN THE SERVICE OF MAN 
A. AGRICULTURE 

Most farmers would hesitate to call themselves applied biologists, yet it 
does not require much insight to see that in their work they are concerned 
with the application of biological facts and principles. Anyone who has 
come in contact with fanning knows that there is a great deal more in¬ 
volved than the mere sowing of seeds and the reaping of harvests. The crop 
must be suited to the climate and soil, and the soil prepared for the crop. 
The feed must be of the right kind, quality, and quantity. 

An important branch of the Federal government of the United States is 
the Department of Agriculture. One of the chief duties of this department 
of the Federal government is to maintain agricultural experiment stations. 
Agricultural experiment stations are also maintained by the separate states. 
In the laboratories of these experiment stations researches are carried out on 
soils and their suitability for different crops, resistant and productive varie¬ 
ties of plants are bred, and methods of combating plant diseases developed. 
Experiments arc also made in the breeding and feeding of livestock, the 
production of milk, the making of cheese, and the uses of farm products. 
Nearly every state has one or more agricultural colleges where specialists 
in the various branches are trained. One of the chief duties of these institu¬ 
tions is to give advice to farmers on their problems. 

B. FISHERIES 

Most of the important food fishes, such as the cod, haddock, herring, 
flounder, halibut, swordfish, and tuna-fish, live in the sea and are caught 
there. Some, like the salmon and shad, live most of their life in the sea, 
but come into fresh water to spawn and are usually caught at that time. 
A few, including the perch, whitefish, and carp, are fresh-water fishes. The 
shellfish industry is almost as important as the fishing industry properly so 
called. On certain parts of the Atlantic coast, the shallow water offshore is 
“farmed out“ in oysters, the fishermen having definite areas which they 
“seed" with oyster fry. Fish and shellfish are important food materials be¬ 
cause many species can be preserved easily and satisfactorily by drying or 
canning and so provide a substitute for meat. 
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C. CONSERVATION 

In early times when men were few and the world seemed large, there 
was little need for the conservation of natural resources. Now as all parts 
of the habitable regions are rapidly becoming occupied by man and his 
works, the preservation of forests and useful animals is becoming a prob¬ 
lem of greater and greater importance. Conservation is necessary not only 
in order that natural resources mav continue to be available, but also be- 
cause its neglect may have far-reaching effects on climate and society. In 
the United States we are alreadv beginning to feel the effects of the destruc¬ 
tion of our forests in the droughts that visit the central states. Much of the 
moisture that goes into the air and appears as rain is evaporated from the 
leaves of trees. Effective conservation of natural resources can be carried out 
only after detailed biological surveys and extensive studies of the prin¬ 
ciples involved have been made by expert biologists. 


D, MEDICINE AND PUBLIC HEALTH 

It is scarcely necessary to stress the interdependence of biolog)' and medi¬ 
cine. The physician of today is largely concerned with the application to 
particular cases of discoveries made in the research laboratories of medical 
schools and other special research institutions—in laboratories of physi¬ 
ology, of biochemistry, of bacteriology', and of experimental surgery. The 
researches are nearly always first carried out on animals, and a knowledge 
of the animals is of course necessary. The great saving of life which these 
experiments have made possible is easily demonstrated. The death rate from 
all causes in the United States was, in the year 1880, approximately twenty- 
two persons per year per thousand of the population. Forty-four years later 
in 1924, it was approximately twelve persons per thousand, a decrease of 
over 40 per cent. In 1944 the death rate w'as 10.6. Thus in sixty-four years 
—years of active medical and biological research—the death rate has 
been halved. During the same period similarly striking decreases have been 
recorded for the various European countries. While the advance of medical 
science cannot be regarded as the only reason for this, it undoubtedly has 
been one of the primary and most important factors. 

Living may be compared to a game of skill in which the opponent is 
the ever-present and relentless environment, both living and nonliving, and 
the rules are the inviolable laws of nature which it is the function of 
science to discover. He who plays the game skillfully according to the 
rules lives happily and long while he who blunders or disobeys the rules 
is unhappy and short-lived. Most large cities have departments of public 
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health, the chief duty of which is to guard the public against epidemics of 
infectious diseases. Through the work of these public health laboratories, 
the activity of field workers, and the cooperation of physicians, the following 
infectious diseases may be considered to be under control: diphtheria, tet¬ 
anus, hydrophobia, typhoid fever, scarlet fever, smallpox, plague, cholera, 
and measles. It is appalling to think what would happen were one of our 
large cities, even for a short time, without the protection of its public health 
department. During the years of the Great Plague or Pestilence in Europe 
in the fourteenth century, it is estimated that in some parts of Europe two- 
thirds to three-quarters of the population died from the disease, and that 
the proportion was even higher in England. Today the plague is practically 
unknown in Europe and America. 


E. SOCIETY 

It is gradually being recognized by sociologists that the living of men 
together in groups is a biological phenomenon, comparable in some re¬ 
spects to the associations formed by some species of animals, and that man 
may learn about human society by studying animal societies. 

War is a scourge not without its biological causes and effects. There can 
be little doubt that in the past, wars have selected for their victims the 
physically and mentally fit. It is possible that a better knowledge of the 
biological causes and effects of wars would serve in a measure to prevent 
such conflicts. 

The application to man of knowledge gained from the breeding of plants 
and animals is finding its expression in the eugenics movement for the 
betterment of the race. This movement depends largely on the enlighten¬ 
ment of the public regarding the inheritance of human characteristics and 
the care of the mother and child. 



CHAPTER 2 

The Characteristics of Living Things 


Xhe study of biology^ may be approached conveniently by obsersing a 
simple plant and a simple animal. .\n examination of such organisms serves 
to bring out the essential elements of the structure and the fundamental 
processes in living things more clearly and in less words than the examina¬ 
tion of a more familiar but more complex plant or a higher animal. 


1. A SIMPLE PLANT: THE POND SCUM, SPIROGYRA 

Nearly everybody has noticed at one time or another a light green scum 
on the surface of a pond. This is usually due to the presence of micro¬ 
scopic plants. One of the commonest of these bears the scientific name 

Spirogyra.' 

When examined with a hand lens the "scum" is found to be made up of 
long threadlike filaments (Fig. 2:1). Under the compound microscope a 
filament is seen to be composed of numerous small cylindrical bodies joined 
end to end. These bodies are called cells and they contain the living material 
or protoplasm of the plant. Each cell is surrounded by a cell wall, and the 
cell walls at the end of the cylinders form the partitions between the sep¬ 
arate cells (Fig. 2:2). The cell wall, although formed by the protoplasm, 
is not part of the living material, since it docs not take part in any of the 
vital activities of the cell. The actual living material or protoplasm lies in¬ 
side the cell wall and forms what is called the protoplast. Bounding the 
protoplast and forming part of it is a very delicate membrane, the plasma 
membrane. So delicate is this membrane that it cannot actually be seen by 
the highest powers of the microscope. Its presence can be demonstrated, 

»This is the name of the genus to which the plant belongs A generic name is spelled 
with a capital letter. When so spelled it should be used as the name of a group of or¬ 
ganisms and not as that of an individual organism When an ind.vduai of the group >s 
intended, the generic name may be used as an English noun in the singular and is then 

spelled with a small letter. 
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however, by causing the protoplast to shrink within the cell wall. Most 
of the protoplasm lies directly under the plasma membrane which is closely 
applied to the cell wall. Thus the greater part of the interior of the pro¬ 
toplast is occupied by a large vacuole. This vacuole contains a liquid, the 
cell sap, which should probably not be regarded as living material although 
it is included in the protoplast. 



Fig. 2:1 Filaments of Spirogyra, general view. 



Nucleus 


Chloroplost 


Pyrenoid 


Central vacuole 


Fig. 2:2 A cell from a filament of Spirogyra. By permission from A Textbook oj General 
Botany by Gilbert M. Smith, Edward M. Gilbert, Richard I. Evans, Benjamin M. Duggar, 
George S. Bryan, and Charles E. Allen. Fourth Edition. Copyright 1942 by The Mac¬ 
millan Company. 


Suspended near the center of the protoplast by strands of protoplasm 
extending to the periphery is an ovoid mass of protoplasm containing a 
spherical, highly refractive body called the nucleus. The nucleus is an es¬ 
sential part of the protoplast. Without it the cell cannot continue to carry 
on all of its vital functions. 

The green color of Spirogyra is due to a mixture of substances to which 
the general term chlorophyll is applied. The chlorophyll is contained in a 
ribbon-shaped mass of protoplasm known as a chloroplost. In the chloro- 
plast are numerous small spherical bodies termed pyrenoids which are cen- 
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ters of starcli formation. The spiral torm of the cliloroplast is the reason 
for tlie name Spirog)ra. 

The activities of the plant include growth, which involves the manufac¬ 
ture of the materials needed to form new cells; movement and arrange¬ 
ment of the manufactured materials to form parts of cells; and, under 

Light energy absorbed 

Photosynthesis 
Energy stored 


Sugar formed 


t .t 

Carbon dioxide token in 




Oxygen taken in 



Fig. 2:3 Metabolism in Spirogyra. 

certain circumstances, movement of the protoplasm within the cell walls. 
To carry on these activities the plant requires energy. The energy is re¬ 
ceived in the form of sunlight, which is absorbed by the chlorophyll in the 
chloroplast. In the chloroplasi the light energy is converted into chemical 
energy in the form of sugar. This process is termed photosynthesis. The raw 
materials for the formation of the sugar consist of the gas carbon dioxide 
and water. The carbon dioxide and water diffuse into the protoplasm and 
into the chloroplast from the surrounding water, and oxygen is given off 
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in the process (Fig. 2:3). The sugar may be converted into starch by the 
plant. The starch is practically insoluble and is deposited in the cells in 
the form of granules. In this form the material can be stored in the plant 
to be later reconverted into sugar when needed. From the sugar and from 
the simpler chemical compounds (inorganic salts) which enter the proto¬ 
plast directly from the water are formed the various substances which the 
plant uses to build up its body. The green plant is thus able to manufac¬ 
ture its own food materials and in this respect it is independent of other 
organisms. 

Besides being a step in the formation of the more complicated chemical 
compounds needed by the protoplasm, sugar also acts to keep the vital 



Fig. 2:4 A cell from a filament of Spirog>Ta in process of division. By permission after 
A Textbook of General Botany by Gilbert M. Smith, James B. Overton, Edward M, Gilbert, 
Rollin H. Denniston, George S. Bryan, and Charles E. Allen. Third Edition, Copynght 
1935 by The Macmillan Company. 

processes of the plant going. In doing this it acts much in the same way 
that coal acts in a steam engine or gasoline in a motor. By combining with 
oxygen the sugar makes available to the plant the energy' which was ab¬ 
sorbed from the sun in photosynthesis. Two processes are involved: the ex¬ 
change of gases through the plasma membrane and the oxidation. The 
oxidation, i.e., the combination of the sugar with oxygen, occurs in the 
protoplasts, and unlike the burning of coal is accompanied by only a 
very slight rise in temperature. In the exchange of gases oxygen passes into 
the protoplast and carbon dioxide passes out of it. Together the two 
processes constitute respiration} In the green plant during the day respira¬ 
tion is masked by photosynthesis, since the oxygen liberated in this latter 
process is in excess of the oxygen required for respiration. On the other 
hand, during the night, or when the plant is deprived of light, photo¬ 
synthesis ceases. It is then easily shown that at this time the plant gives 
off carbon dioxide and absorbes oxygen, and therefore that respiration 
occurs. 

iThis is the sense in which the term is usually used by biologists. By the earlier in¬ 
vestigators the term was restricted to the exchange of gases. In medical literature it 
usually means breathing, i.e., taking air into and passing air out of the lungs. 
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The hlanients grow in length by cell dwision. The nucleus divides first, 
and this process is followed by the division of the entire protoplast and 
tile formation of a new transverse cell wall separating two daughter cells 
(Fig. 2:4). 

When a filament of Spirogyra is torn in two pieces by an aquatic insect 
or other animal, as often happens, each part continues to grow. This is 
probably the usual method by which the number of filaments is increased. 

At certain times, especially in spring and autumn, sexual reproduction 
occurs. Two filaments become arranged parallel to each other. Small knob- 
like projections grow out from the cells and join together, forming tubes 



Fig. 2:5 Sexual reproduction in Spirogyra. A, formation of conjugation tubes; B. mi¬ 
gration of male gamete through conjugation tube; C, zygote forming spore. By permis¬ 
sion from A Textbook of General Botany by Gilbert M. Smith, James B. 0''=™"; 

M. Gilbert, Rollin H. Denniston, George S. Bryan, and Charles E. Allen. Third Edition. 

Copyright 1935 by The Macmillan Company. 

termed conjugatiort tubes that unite the cells of one filament with those 
of the other (Fig. 2:5). In this stage the filaments have the appearance of 
a miniature ladder, the conjugation tubes occupying the places of the 
rungs. The protoplasts of the cells which have been put into communica¬ 
tion by the conjugation tubes withdraw from the cell walls and shrink 
into rounded masses. One of the protoplasts begins the shrinking process 
in advance of the other and this protoplast migrates through the conjuga¬ 
tion tube to join and fuse with its partner in the opposite cell. The fusion 
of the cells is followed by a fusion of their nuclei. The fusion of the nuclei 
is called iertilimtion. The single cell formed by the fusion of the two cells 
is known as a zygote. Each of the two cells which fuse to form the zygote is 

termed a gamete. 

The zygote forms a new resistant cell wall around itself inside the old 
cell wall of the filament and becomes a spore. After conjugation the filaments 
sink to the bottom of the pool and gradually disintegrate, leaving the spores. 
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A period of weeks or months may intenene before a spore germinates (Fig. 
2:6). When this occurs the outer resistant portion of the cell wall is broken 
and the protoplasm of the spore sends out a cylindrical process covered by 
a thin cell wall. Within this process the structure of a typical Spirogyra cell 



Fig. 2:6 Germination of spore of Spirogyra. A, beginning of germination; B, cell 
division has occurred and the filament is beginning to elongate. By permission after A 
Textbook of General Botany by Gillx'rt M. Smith, James B. Overton, Edward M. Gilbert, 
Rollin H. Denniston, George S. Bryan, and Charles E. Allen. Third Edition. Copyright 
1935 by The Macmillan Company. 


appears. Cell division then occurs and a new filament is formed. The process 
by which zygotes are formed, involving the fusion of two cells, is called sexual 
reproduction. 


2. A SIMPLE ANIMAL, THE FRESHWATER POLYP, HYDRA 

The small fresh-water animal called Hydra, sometimes referred to as the 
fresh-water polyp but for which there is no common name, is found in ponds 



Fig. 2:7 Fresh-water Hydra attached to 
the leaves of a water plant. The lower 
hydra is extended. That above is somewhat 
contracted and shows a small bud. Photo¬ 
graph byj. W. Mavor. 


all over the world. The animal is 
small, rarely being more than a 
cjuarter of an inch in length when 
extended (Fig. 2:7). Its body is then 
roughly cylindrical in shape and 
quite slender, but when irritated it 
may contract into a rounded mass. 
One end, called the foot, is usually 
attached to an aquatic plant or some 
other object in the water. From the 
other end six to ten long slender 
tentacles project. The tentacles are 
attached at the base of a conical 
raised portion in the center of which 
is the mouth opening. When the 
animal is extended the tentacles may 
usually be seen sweeping through 
the water in search of the micro¬ 
scopic animals and plants on which 
the hydra feeds. 
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There are no eyes, ears, or other organs of special sense, but the animal is 
sensitive to touch and to chemical stimuli, and it also reacts to light, moving 
toward moderate light and away from bright light. Hydra has a number of 
different methods of locomotion. In one method the foot may glide over 
the substratum or surface of ilic plant or other ol)ject to wliich the animal 
is attached. In another metliod the movement is like that of a measuring 
worm; the body is bent over and tlie tentacles are applied to the substratum, 
after which the foot is detached and moved along toward the tentacles which 
are then mox ed fonvard and the process repeated. 

The mouth opening leads into a relatively large cavity which fills tlie 
whole of the interior of the animal. This is termed the gastrox’ascular cavity} 
Into it are passed the small animals and plants which serve as food. They 
are there digested and the digested materials are absorbed by the cells lining 
the cavity. The undigested materials arc passed out through the mouth. 

Hydra is so small and transparent that the entire animal can be placed 
in water under the compound miscroscope and the individual cells observed. 
However, the study of the cells can be pursued to greater advantage on pre¬ 
pared sections of the animal. Such sections can be cut through the animal 
either in, or parallel to, its longitudinal axis, that is, lengthwise, or trans¬ 
versely, that is, at right angles to the longitudinal axis. For laboratory study 
transverse sections are generally used. However, for the purpose of the present 
descriptions a diagrammatic longitudinal section will be most instructive 
(Fig. 2:8). Such a section reveals that the body of Hydra consists of two 
layers of cells surrounding the gastrovascular cavity. The outer layer of cells 

which is everywhere in contact with the water is called the epidermis, and 

/ 

the inner layer which lines the gastrovascular cavity is called the gastro- 
dermis} Between epidermis and gastrodermis is a layer of jelly, the meso- 
glea. Some of the epidermal cells develop contractile processes at their in¬ 
ner ends, while others are differentiated into netve cells which transmit 
nervous impulses from one part of the body to another. The cells of the 
gastrodermis also bear contractile processes and some of them are also dif¬ 
ferentiated into nerve cells. All of these cell processes lie against or in the 
jelly. Some of the gastrodermal cells carry long processes, called flagella, 
■which, by lashing movements, create currents in the ffuid contents of the 
gastrovascular cavity. The nerve cells and the contractile process in the epi¬ 
dermis and the gastrodermis make possible the coordinated movements of 


^ Also called the coelenleron. 

*Some authors use ectoderm and endoderm for the outer and inner layers respectively 
of Hydra and similar animals, but it is perhaps better to preserve these terms for embryos, 
and to use the terms epidermis and gastrodermis as in the text. The term ectodermis is 
also used in place of epidermis. 
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the body of the animal. Certain other specialized cells occur in the epider¬ 
mis.^ 

Unlike the plant described in the previous section, Hydra is unable to 
manufacture its own food materials. For these materials it is dependent on 


. Tentacles- 



Foot 


Fig. 2:8 Hydra: longitudinal section showing cellulsu* structure, somewhat diagram¬ 
matic. 

the bodies of other animals and plants. The method of feeding has already 
been indicated. The prey is taken through the mouth opening into the 
gastrovascular cavity. There the small animal or plant is digested, that is, 

^See Chap. 12. 
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the food materials contained in it are changed into soluble substances in 
the gastrovascular cavity. The process of digestion is brought about by 
digestive juices secreted by cells in the gastrodermis and passed into the 
gastrovascular cavity (Fig. 2:9). The juices contain enzymes which produce 
the chemical changes. Hydra is able to use for food only those materials 
which can be made soluble, since only soluble substances can pass through 
the plasma membranes of its cells and become incorporated in its proto¬ 
plasm. The insoluble substances and the substances not absorbed into the 
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Fig. 2:9 


Hydra metabolism. 


cells of the hydra are extruded through the mouth opening. Small pieces 
of partially digested animals or plants may be engulfed by gastrodermal 
cells to be digested in vacuoles within the cells. The material in the gastro¬ 
vascular cavity is moved about by the flagella of the gastrodermal cells and 
by contractions of the body. In this way distribution of the food materials 
to all parts of the gastrodermis occurs. The cells of the epidermis obtain 
their food materials from the cells of the gastrodermis. 

Just as the plant described in the previous section was found to require 
energy to carry on its vital processes, so Hydra requires energy to carry on 
its activities, which include movement, secretion of digestive juices, and the 
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building up of its tissues. This energy is obtained through respiration, that 
is, through the combination of the food materials with oxygen. Oxygen is 
absorbed through the entire surface of the body, there being no special 
respiratory organs as in higher animals. The combination of the food sub¬ 
stances with oxygen occurs in the cells. Other substances besides carbon 
dioxide and water result from the process. In plants such waste substances 
usually occur only in small quantities. In animals they occur in larger 
quantities. The process by which these waste substances is passed out of the 
body is called excretion. The most important of these excreted substances 
is urea. In the higher animals urea is excreted through the skin and by the 
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Fig. 2:10 Hydra sexual reproduction. 


kidneys. In Hydra it passes, like the carbon dioxide, directly from the cells 
of the body into tlie surrounding w'ater. 

Both sexual and asexual reproduction occur in Hydra. The commonest 
method of asexual reproduction is by budding (Fig. 2:8). Buds arise on 
the sides of the body. When a bud is being formed, the epidermis and the 
gastrodermis of the parent grow out to form a projection into which the 
gastrovascular cavity extends. A mouth and tentacles are then formed, 
after which the bud may become detached from its parent and carry on 
an independent existence. Longitudinal or transverse division of the whole 
animal into approximately equal parts also occurs, but rarely. 

In sexual reproduction the gametes are developed in special organs called 
testes and ovaries (Fig. 2:10). Male gametes or sperms develop in the 
testes, while in each ovary a single large egg cell, or female gamete, is de¬ 
veloped. The relatively large egg cell is ladened with food material and re¬ 
mains in the ovary. When mature the testes burst and the sperms are freed 
into the sea water. Each sperm is provided with a single long flagellum and 
swims about actively until it finds an unfertilized egg or dies. Since the 
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development of testes and ovaries does not usually occur simultaneously 
in the same individual, the gametes which unite in fertilisation usually 
come from different individuals. 

3. THE CHARACTERISTICS OF LIVING THINGS 

With the foregoing descriptions of a simple plant and a simple animal in 
mind the attempt may be made to outline those characteristics which clearly 
distinguish living organisms from non-living things. These characteristics 
may be grouped under the following headings; organi/aiion, growth and 
differentiation, metabolism, response to changes in the environment, and 

reproduction. 


A, ORGANIZATION 

When we call a plant or an animal an organism we imply that it is or¬ 
ganized, that is, that it consists of parts carrying out functions which arc 
correlated and contribute toward the activities of the ^vliolc. Thus the 
filament of Spirog)Ta is composed of cells which carry out living pioccsses, 
and each cell is organized into parts such as the chloroplast. which manu- 
fsetures sugar, and the plasma membrane, which determines what materials 
can enter or leave tlie protoplast. Coming to Hydra, we find that here the 
body of the animal can be divided into such parts as the tentacles, mouth, 
and body wall, each of which has a different function. Further, theie are a 
number of different kinds of cells, each kind contributing in a different 
'vay to the life of the animal as a whole. From the correlated activities of 
tliese parts there results an organism which in the first case is a plant called 
Spirogyra and in the second an animal called Hydra. As will become ap¬ 
parent in later chapters, the organization extends beyond the visible parts 
of the cell into the arrangement of the substances of which the cell is com¬ 
posed. 

Higher in the scale of plant organization are the familiar trees, shrubs, 
and herbs. Here the body may be regarded as composed of various organs 
performing different functions. Thus the root is an organ which holds the 
plant in the ground and absorbs water and mineral substances from the 
®oil: the stem is an organ which supports the leaves and conducts ma¬ 
terials from one part of the plant to another; and the leaves are organs 
which are concerned chiefly with the manufacture of sugar. In an animal 
shch as a fish, bird, or mammal, the scale of organization is yet higher. 
Organs performing related functions are grouped into systems of orgarts. 
Some of the systems are the skeletal system, or skeleton, made up of the 
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various bones which form the framework of the body; the muscular system, 
with its different muscles which are responsible for the movements of the 
body; the digestive system, including the mouth, esophagus, stomach, and 
intestine, in which food is digested and through the walls of which food 
substances are absorbed; the circulatory system, consisting of the heart and 
the blood vessels, which contain the blood and circulate it through the 
body; the respiratory system, including the lungs and the trachea, which 
brings oxygen to the blood and takes carbon dioxide away from it; the 
excretory system, which includes the kidneys and eliminates waste products: 
and the nervous system, consisting of the brain, spinal cord, and peripheral 
nerves, which largely controls and coordinates the activities of all the other 
systems and organs. Organs arc composed of tissues and tissues are made 
up of cells. The cells which compose a tissue arc similar in structure and 
arc specialized to carry on a particular function. The term tissue is usually 
used to include not only the living cells but also structures produced by 
them, such as the cell walls, the hard material of bone, and the fibers of 
tendons. 

B. GROWTH AND DIFFERENTIATION 

An individual plant or animal usually starts its existence as a single cell.' 
This cell divides first into two parts to form two cells. Then each of these 
cells divides again into two, giving a total of four cells, each of which again 
divides, and so on. The cells which thus arise eventually become the cells 
of the adult animal or plant. In the development of any organism two 
processes are involved. They are growth and differentiation. Growth ap¬ 
pears as increase in size, differentiation as differences between cells and 
tissues leading to specialization. There is usually a limit to the size which 
any type of cell in an organism may normally attain. Once a cell has reached 
this size the further growth of the cell is impossible unless the cell divides. 
After the division has occurred the daughter cells may grow to a size ap¬ 
proximating that of the parent cell. In general, large plants and large ani¬ 
mals have large numbers of cells rather than large cells. However, there is 
no definite general relationship between the size of an organism and the 

size of its cells, the blood cells of a frog are larger than the blood cells of 
an elephant or a man. 

The growth of a cell involves more than mere increase in size. While 
the cell is growing it continues its other vital activities and maintains the 
organization which makes possible these activities. Although the propor- 

’ This may not always be ihe case in asexual reprodiiciion; the buds of Hydra are 
formed from a number of cells. 
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lions of the diflciciit parts may change, each continues to carrv on its func¬ 
tion or functions harmoniously and in (oofilination with the oilier parts. 
This would not he possible if the new materials were simply atided on ilie 
outside as occurs when a crystal gets larger, or even if they were deposited 
in masses in the interior. I he new materials to be added arc distributed 
in tile living protoplasm and become a part of its hnely organi/ed structure. 

In the early stages of an embryo the cells arc usually much alike. Only 
after the dilTerent organs have begun to take form do the cells gradually 
become diflerentiated and take on the characteristics of cells of the tlif- 
ferent tissues, such as the conducting tissues of a plant or the muscular tis¬ 
sues of an animal. 

It is worth while to pause for a moment and to try to imagine what haj)- 
pens in any living organism, a man for example, when growth and dif¬ 
ferentiation occun Every organ continues to function and the individual 
cells of the different tissues continue their activities. The heart as it grows 
keeps up its even rhythm without so much as missing a single beat. The 
lungs continue without intermission to take in air and to pass oxygen into 
the blood. The muscles as they grow continue to respond to stimuli by 
contraction. The bones as they increase in si/c and strength continue their 
functions of support and protection. Similarly in a giant tree the stem and 
roots grow continually in length and thickness. Try to imagine an auto¬ 
mobile or any man-made machine gradually increasing in size while in 

operation. 

C METABOLiSM 

By metaboUsm is meant all of the chemical changes, including all of the 
chemical processes, which take place in a living thing. As outlined in 
the descriptions of Spirogyra and Hydra some of these changes lead to the 
formation of the complex organic substances which actually make up the 
living protoplasm or are stored in it. These substances, which arc mostly 
carbohydrates, fats, and proteins, will be discussed in a later chapter. Also 
included in metabolism arc the processes in which materials are broken 
down either because they no longer serve a useful purpose or because, 
like sugar, they are used as a source of energ^y. 

The early students of living things thought that there was manifested in 
them a special kind of energy, or vital force, different from the forms of 
energy or the forces encountered in chemistry and physics. Efforts to locate 
or identify any such force have so far been negative. On the contrary it is 
possible to explain the energy changes in plants and animals on purely 
physical and cheiilical grounds. 
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D. RESPONSES TO CHANGES IN THE ENVIRONMENT 

Two features stand out in the relations of organisms to their environ¬ 
ments. One, called adaptation, is the suitability of the structure and the 
functioning of the organs to the particular environment in which the or- 
gani^n lives. The otiicr, called irritability, involves the more or less im¬ 
mediate reaction of the organism to changes in the environment. 

In order to live successfully a plant or animal must be adapted to its 
surroundings. The various parts and organs of its body must be able to 
carry out their functions under the conditions which the environment 
presents. Organisms tend on the one hand to seek out environments which 
arc suited to their particular modes of life and characteristics, and on the 
other hand there is evidence that they may gradually become modified to 
suit a particular environment. 

An organism must be able to utilize the food materials in its immediate 
surroundings or possess the means to search for and find those which it is 
able to utilize. A green plant can obtain all the materials it requires from 
the atmosphere and the soil. It is able to do this because it possesses leaves 
and roots. A horse can exist on grass because its teeth and jasvs are adapted 
to grazing and its digestive system to that kind of diet. A hasvk, on the 
other hand, is adapted to eat fiesh by having long talons and a sharp beak 
to catch its prey. A fish taken out of svater soon dies. It becomes asphyxi¬ 
ated, for while its respiratory organs, consisting of mouth and gills, are 
adapted to take dissolved oxygen from the water in which it lives, they are 
unsuitable for absorbing oxygen from the air. Quite the reverse is the case 

with a man, for his lungs, although admirably adapted to breathe air, 
cease to function when filled with water. 

Irritability is response to a stimulus. A stimulus is a more or less rapid 
change in some feature of the environment, such as a change in the in¬ 
tensity or direction of the light, in the temperature, in the pressure on the 
surface of the body, or in the chemical composition of the atmosphere or 
water in which the plant or animal lives. The stimulus does not provide the 
energy for the reaction: it merely starts it off as a trigger starts the explosion 
in a gun. To take an example: A blow which knocked a man down svould 
not, according to this definition, be a stimulus since it provided the energy 
for the movement. On the other hand, the slight tap just under the knee 

which makes any normal individual respond with a violent kick is a true 
Stimulus. 
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E. HOW ORGANISMS ARISE 


It IS common knowledge that plants and animals reproduce their kind. 
But jt was not always known that living things arise only from other 
previously existing, living things. There is a famous t,notation from Aris' 
totle (384-322 b.c.) which describes how many insects are "not derived 
from living parentage, but are generated spontaneously, some out of dew 
falling on leaves ordinarily in springtime, but not seldom in winter when 
there has been a stretch of fair weather and southerly winds." Even as late 
as the seventeenth century there ivere current many fantastic accounts of 


spontaneous generation, and today, from time to time, there appear in 
newspapers accounts of rains of frogs and toads. Many schoolboys believe 
that horsehairs falling in water give rise to worms, and housewives not 


uncommonly affirm that maggots arise directly from decaying meat. 

That maggots do not arise spontaneously in meat was proved by Fran¬ 
cesco Redi in 1668. Redi placed three jars containing fresh meat near a 
window. One of the jars was left uncovered, a second was covered with 


gauze, and the third with parchment. In each of the jars the meat decayed 

but maggots developed only in the jar which was left uncovered. Eggs were 

laid on the gauze covering the second jar but no eggs were laid on the 

parchment. Redi concluded that since maggots developed only where the 

Hies had free access to the meat, they could come only from eggs laid by 

the flies. Further, he argued that since the odor of the decaying meat could 

pass through the gauze but did not pass through the parchment, the Hies 

when about to lay their eggs were attracted by the odor of the decaying 
meat. 


That microorganisms do not arise spontaneously was demonstrated by 
Louis Pasteur in 1864. Bacteria arc frequently grown or "cultivated" in beef 
broth, which is really nothing more than what is served at the dinner table 
under the name of consomm^. In making it, water in which beef has 
been boiled or to which beef juice has been added is filtered to obtain a 
clear liquid. It is common knowledge that if this liquid is kept for a few days 
at ordinary room temperature it will putrefy. The putrefaction causes the 
liquid to become cloudy and to give off an offensive odor. It was known in 
Pasteur’s time that these changes were always accompanied by the presence 
of numerous bacteria, and the belief was current that the bacteria arose 
spontaneously in the broth. Pasteur disproved this in a famous experiment. 
He boiled beef broth in a glass vessel which was open to the outside air 
only through a long, fine, curved tube that was bent in the form of a "U" 
(Fig. 2:11). When the vessel and its contents were allowed to cool after 
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l) 0 !ling, a small portion ot the litpiitl condensed in the “U” and formed a 
seal preventing the access to the liquid of any particles carried in the air. 
Pasteur found that even after a long time no evidence of bacterial or other 
growth appeared in the boiled broth. In order to prove that boiling in a 
partly closed glass vessel did not make the broth unfit for the growth of 
bacteria, Pasteur broke off the fine glass tube, giving the air and its con¬ 
tained dust access to the broth, and found that bacterial putrefaction set in. 
In pertorming the (‘\pcriment today we would use a plug of absorbent cot¬ 
ton in place of the fine tidie. We now know 
that bacteria are carried in the air in the form 
ol spores which germinate when provided with 
the proper conditions, for example, when they 
fall into beef broth. 

These experiments, which are negative so far 
as spontaneous generation is concerned, never¬ 
theless, have been of the greatest importance 
to science. They laid the foundation for all 
subsequent work in bacteriology and the re¬ 
lated sciences. However, there always remains 
the possibility that some condition not present 
in the experiment might give rise to some 
primitive form of life. Indeed it is generally 



Fig. 2:11 Pasteur’s experi¬ 
ment disproving the spontane¬ 
ous generation of the bacteria 
of fermentation, By permission 
from Foundations of Biology by 
Lorande Loss Woodruff. Sixth 
Edition. Copyright 1941 by 
The Macmillan Company. 


believed that life must have arisen somewhere at some time and a number 
of theories have been adsanred to account for its origin. 

t is obv iotis that if any species is to maintain its existence it must possess 
t e means of replacing by new individuals those lost by death. .4s was il- 
lustrated in the cases of .Spirogyra and Hydra the process of forming new 
in ivi uals may take either of two forms distinguished as asexual and 
sexual reproduction. In asexual reproduction, which is the simpler, the 
new individual arises from a part of an older individual. The part may be 
a single cell, as in the case of the spores formed on the under side of fern 
leaves; a considerable part of a plant or animal, as in the case of the bud 
ot Hydra, or the whole organism may divide into two or more equal parts, 
as a so occurs in Hydra. In sexual reproduction two cells unite to form a 
single cell, and from the single cell a new individual develops. In most 
plants and animals the reproductive cells are differentiated into sperms and 
eggs as tn Hydra. Sperms are usually minute, actively motile cells, while the 
correspon mg egg cells are usually nonmotile and much larger, because of 
the storage of food materials for the new individual. Generally the egg* 
and sperms are formed in different individuals. An individual which pro¬ 
duces sperms is a male, while an individual which produces eggs is a female- 



CHAPTER 3 

The Unit of Life, the Cell 



As stated in an earlier chapter the results of science have mainly been 
achieved by accurate observation and carefid analysis of the observations. 
Nowhere is this better cxeinplihed than in the development of the “cell 
theory” now recognized as one of the fundamental principles of biology. 
Probably no series of discoveries has contributed more to the understand¬ 
ing of the fundamental problems of biology and a proper understanding 
of living processes than those which have established this principle. 



Fig. 3:1 Compound microscope used by Robert Hooke in the seventeenth century 
(about 1660). Redrawn after Carpenter, The Microscope. ^ 
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1. THE DISCOVERY OF THE CELL 


About 280 years ago one of the early microscopists, an Englishman by the 
name of Robert Hooke, amused himself by looking at sundry small objects 
with his latest improvement of the then rather primitive compound mi¬ 
croscope. (Eig. 3:1). He recorded his observations in a book which he called 



Fig. 3:2 The first published illustra¬ 
tion showing the cellular structure of a 
tissue. A section of a piece of cork as 
seen by Robert Hooke with his micro¬ 
scope. Reproduction of an illustration 
in his Micrographia, published in 1665. 
By permission from A Textbook of Gen¬ 
eral Botany by Gilbert M. Smith, James 
B. Overton, Edward M. Gilbert, Rol- 
lin H. Denniston, George S. Bryan and 
Charles E. Allen. Third Edition, Copy¬ 
right 1935 by The MacmUlan Com¬ 
pany, 


Micrographia, literally, a writing about 
small things, and which was published 
in 1665. The following quotation is 
taken from his book: 

I took a good clear piece of cork, and 
with a pen-knife sharpen’d as keen as a 
razor, I cut a piece of it off, and thereby 
left the surface of it exceeding smooth, 
then examining it very diligently with a 
microscope, me thought I could perceive it 
to appear a little porous; but I could not so 
plainly distinguish them, as to be sure that 
they were pores, much less what figure they 
were of: but judging from the lightness 
and the yielding quality of the cork, that 
certainly the texture could not be so curi¬ 
ous. but that possibly, if I could use some 
further diligence, I might find it to be dis¬ 
cernible tvith a microscope. I with the same 
sharp pen-knife, cut off from the former 
smooth surface an exceeding thin piece of 
it, and placing it on a black object plate, 
because it was itself a white body, and cast¬ 
ing the light on it with a deep plano-convex 
glass, I could exceeding plainly perceive it 
to be all perforated and porous, much like 
a honey-comb, but that the pores of it were 
not regular; yet it was not unlike a honey¬ 
comb (Fig. 3:2).... 


To the separate small compartments which he was able to see in the 
cork Robert Hooke gave the name celU. We now know that cork consists 
of dead tissue from which the living material has disappeared. Not until 
much later (1835) was attention paid to the material inside the cells, when 
Dujardin recognized this to be the actual living material. To this material 
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von Mohl gave the nan.e protoplasm.^ The nucleus was apparently seen by 
on ana *"1781, but the discovery of its general occurrence in cells il 
usually credited to Robert Brown in 1831. However, the real significance 

o the nucleus was not appreciated until later when it was realized that it 
plays an important role in the life of the cell. 


2. THE CELL PRINCIPLE 

The great importance of the discoveries regarding the cell was not recog- 

"u of the cell principle, then called the “cell 

theory. The first statement of the cell principle is generally attributed to 

two Germans, Jakob Schleiden and Theodor Schwann.^ Schleiden an¬ 
nounced the theory for plant tissues in 1838. Schwann announced the 
theory for animal tissues in the same year; later in 1839 he developed the 
general theory and applied it to all living organisms. In the words of 
Schwann, “All organized bodies are composed of essentially similar parts, 

namely cells . . . The whole organism subsists only by means of the re- 
ciprocal action of the single elementary parts." 

We must picture organisms, plants of all kinds including the largest trees 
and the most delicate flowers, animals from the simple jellyfish to the 
higher forms like the dog, cat, or elephant, and even the human body, as 
made up entirely of small microscopic cells and substances formed by them 
Each of these cells carries on its own vital activities, depending, however 
to a considerable extent, on the activities of the cells around it. 

The importance of the cell principle can .scarcely be over-emphasized. 
In all branches of biological science it is becoming more and more evident 
that “the key to every biological problem must finally be sought in the 
cell.” The cell principle has “opened far-reaching new vistas of progress 
in physiology and revolutionized our views of vital action, in health and in 
disease. ... By force of habit we still continue to speak of the cell 'theory’ 

J As stated in the text the word cell as a biological term was first used bv Robert Hooke 
for tbe nonliving cases or compartments which form so prominent a feature of nlam 
tissues. Much confusion would have been avoided and ihe rules of biolo^icq! term- i ^ 
would have been preserved if the term had retained this meLtg Ho^vetr ™ 
d scovery of protoplasm and its sisnificancc as the actual living maiLal. the connotation 
of the word cell was extended to include the cell contents. Then when tiL sm v „f 
animal tissues showed that they also contained unit masses of Ki.j 

Jhe rigid cell walls so evident'in plant cells, the term i", 

protoplasm. To correct the inconsistency the term tnotoi)lnst hi<! ^ a 

desj^ate the living protoplasmic unit as distinct from the nonliving cell wal^ 

Schwann in'^theXelopmc'nfoTthe cell “Ihcory!^^^^^^^^ 

ofi-f :;rotr^ ^ thrr;rir;ortrce"?r 
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but it is a theory only in name. In substance it is a comprehensive general 
statement ot lact and as such stands to-day beside the evolution-theory 
among the foundation-stones of modern biology.” ^ 

In 1858, twenty years after the announcement of the cell principle, the 
pathologist Virchow stated a second and almost equally important prin¬ 
ciple in the simple words omnis cellula e celhtla —every cell from a cell. 
Subsequent investigations of the reproduction, growth, and development of 
plants and animals have firmly established this principle. Further, we now 
know that a cell gives rise to another cell only by a process of division in 
which the division of the nucleus precedes the division of the entire cell. 

3. CELL DIFFERENTIATION 

Except in certain special cases, which need not be discussed at this point, 
somewhere in its life cycle every plant and every animal exists as a single 
cell, a lertili/ed egg cell. When a multicellular organism is formed from this 
fertilized egg, the cells of the body of the organism are the re.sult of re¬ 
peated cell divisions beginning with the division of the fertilized egg cell. 
The differentiation and specialization of the cells proceeds as they multiply 
and take up their positions in the new organism. In the early embryonic 
stages of plants and animals the cells are much alike and undifferentiated. 
As the oigans are formed the cells develop the particular structure peculiar 
to the cells of the tissue of which they form a part. In all organisms certain 
(ells remain undifferentiated. Some of these cells become the reproductive 
cells which later develop into eggs or sperms, while still others stay ready 
to take pan in the repair of injury or replacement of parts lost during the 
life of the plant or animal. As the cells of an animal or plant become more 
and more highly differentiated they seem to Io.se the power to divide so 
that the more highly differentiated cells such as those of the nervous sys¬ 
tem do not increase in number after a certain stage in the life of the 
organism. 

The cells which form a tissue may fit closely together and occupy most 
of the space available, as occurs, for example, in cork, in the woody 
tissue of plants, and in the muscle tissue of animals; or the cells may be 
more or less widely separated, the spaces between them being filled with 
intercellular materials in the form of liquids or solids, as in the connective 
tissue of animals, oi with air, as in the spongy tissue of the leaves of plants. 

Cells vary gieaily in size but in most cases they are microscopic. The 
smallest cells are probably those of bacteria. For the largest, one must 

1 Quotation.s from t. B. Wilson. The Cell iu Dei>ehprnetil and Hereditv. The Macmillan 
Company. New York, 1928. 
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turn to the yolk of the eggs of the larger birds and reptiles. 1 he yolk fro!! 
thich the embryo develops is formed in the ovary, and when it leaves the 
vary u consists of a single very large cell. The cells in the tissues of pi u!ts 
and animals are usually small and invisible to the naked eye. ^ 

4. METHODS OF STUDYING CELLS 

si Jnl" "fbe studied by 
aTe of Sr® -"-oscope. In the 

Jd Of recent years technic,ties have been devised for keeping the cells 
p ants and animals alive outside the plant or animal body Most success 
as been attained with the relatively undifferentiated cells of embryos or 
jng individuals A cCticre o/ cells obtained from a piece of the^h ar 

1946, thirty-four years later.* ’ 

A number of different instruments have been devised to move pierce 
cut, and inject cells under the microscope. When a cell dies its s’.nicuic: 
changes and its protoplasm may disintegrate and dissolve into the sur- 
rounding medium. If the structure of the cell is to be jireservcd the proto 
P asm must be killed in such a yvay as to coagulate it c,uickly. The ,iroto- 
p asm IS then said to be fixed. This may be brought about by heat or by 
lemicah .such as formaldehyde or corrosive sublimate. In order to see 
and distingujsh the structure of cells, it is frequently necessary to use sM/ns 
or dyes which color some structures more than others. After the cells have 
been fixed and stained they can be mounted on a glass slide in a ttans,iarent 
iquid or in Canada balsam, a trans[>arent resin. For the study of tissues 
lom different ,iarts of the body it is frequently necessary to make ex¬ 
tremely thin seclwns. A piece of tissue after being fixed is infiltrated with 
paraffin wax or celloidin to make it of a consistency suitable for cutting 
The sectioning is done wiih an exceedingly sharp razor in a .special ap¬ 
paratus calle, a microtome. .Such sections may be stained and mounted 
in Canada balsani. 


5. CELL STRUCTURE 

The first part of the cell to be discovered was the cell wall and this was 
seen first in plant cells (Fig. ,S:.4). I. usually is conqiosed of a carbohydrate 

'There is a popular idea that Carrel and his tollaboiaiors have ker.i ^ i ■ i. • t 
alive for such a period. This is not so. What has been kept a ivc is , rub ^ " 
the relatively undifferentiated cells from the hear, of a ' hicLn anbrvo " 
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called cellulose, but other substances may be incorporated with the cellu¬ 
lose or the cellulose may be replaced by a different compound. Frequently 
in plant tissues the protoplasm dies and leaves only the cell walls. This is the 
case in woody tissue, except in the early stages of its formation, and in cork. 
Animal cells are usually devoid of any rigid outer covering similar to the cel¬ 
lulose walls of plants, although they may be covered with various nonliving 
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Fig. 3:3 A generalized diagram of a cell. By permission after Thi Cell in Development and 
Inheritance by Edmund B. Wilson. Second Edition. Copyright 1900 by The Macmillan 
Company. 


membranes and retain a definite shape. In some cases intercellular sub¬ 
stances may be formed so that the individual cells are widely separated. This 
occurs in cartilage and bone. 

The protoplast is the living part of the cell. It is divided into the 
cytoplasm^ and the nucleus. The cytoplasm is always surrounded by a 
plasma ?nembraue. This membrane is extremely thin, being probably at 

iThe term protoplasm is sometimes used as equivalent to cxtoplasm. It seems, however, 
belter lo retain it in its original meaning anti to apply it to the living material in the cell- 
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most only a few molecules in thickness, and is not visible under ordinary 
crcuntstances even with the highest powers of the microscope. It is regarded 
as a portion of the living protoplasm and is not to be confused wiih the 
cell nail of plant cells or the nonliving membranes of animal cells, with 
either of tvhich it may be in close contact. The cytoplasm may be dilfercn. 

I -- T j * 1 * f' functions. Tins occurs when 

Ihgella or cUa are formed. These are long thin cytoplasmic processes ex- 

ending outward from the exposed surface of a cell and are used either for 

locomotion or to produce a current of liquid over the exposed surface. 

Flagella are relatively long processes, and a cell usually bears only a few 

of them. Cilia are relatively short, and a single cell may bear mativ of 

them. Cilia generally beat back and forth in unison, while flagella lash 
about independently. 


The cells of most of the higher animals and of many of the lower animals 

contain a structure called the centrosome, which is usually located in the 

cytoplasm near the nucleus. Centrosomes apparently do not occur in the 

cells of the higher plants. An important, but not the only function, of 

the centrosome seems to be the part which it plays in the division of the 

nucleus. In this connection it will come up for further discussion in a 
later chapter. 

In the living state and when it is not dividing, the nucleus usually ap- 
prars as a rounded body, bounded by a delicate nuclear membrane and 
without visible structure except for the presence of one or more smaller 
rounded bodies within it called nucleoli. In fixed and stained preparations 
parts of the nucleus stain deeply with certain dyes. This phenomenon is 
believed to be due to the presence of a substance called chromatin, which 
IS distributed in the nucleus and will be shown later to play an important 
role in the life of the cell. 

Some of the functions of the nucleus have been made clear by observing 
cells which have been deprived of their nuclei by careful dissection under 
the microscope or by other methods. Such experiments on plant cells have 
shown that the formation of the cell wall, the manufacture of food sub¬ 


stances, the utilization of food materials in the cell, and the growth of the 
cytoplasm, while not depending directly on the nucleus, depend for their 
occurrence on the presence or absence of substances formed in collabora¬ 
tion with the nucleus. Experiments on the single-celled animal. Amoeba, 
have shown that portions of the animal without a nucleus may move, re¬ 
spire, and respond to stimuli, but are incapable of growth or multiplica¬ 
tion. The importance of the nucleus in heredity and development will be 
discussed in subsequent chapters dealing with these subjects. 
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6. SOME TYPES OF PLANT CELLS 


A. A CELL FROM THE LEAF OF ELODEA 

A good object on which to study cells is the leaf of Elodea. This plant 
is found in ponds and in sluggish water. It is a flowering plant which has 
adapted itself to liic in fresh water and consists of a long branching stem 
from which Hat lance-shaped leaves arise. Usually the stem is attached to 
the bottom of the pond by a root imbedded in the mud. 

W hen one ol these leaves is magnified under the microscope it is im¬ 
mediately seen to be composed of many cells. By focusing the microscope 

up and down it becomes 
apparent that the leaf is 
made up of two layers of 
cells and that the cells are 
fitted together somewhat 
like the bricks in the side 
of a house. The individ¬ 
ual cells are essentially 
similar to those of Spiro- 
gyra. A single cell greatly 


Cell wall Plasma membrane 



Nucleolus Nucleus Chloroplasts 


Fig. 3:4 Cell from an Elodea leaf. The plasma mem- magnified is shown in 
branc hes just within the cell wall and cannot be seen as 

a s< parate structure. By permission after A Textbook oj microscope 

Cnieral Botany by Gilbert M. Smith, James B. Overton, actually shows us an opti- 
Edward M. Gilbert Rollin H. Denniston, George s! cal section of the cell. 

Bryan, and Charles E. Allen. Third Edition. Copyright -T'u- • n u 

10.35 by The Macmillan Company. 

would see were the cell 
cut with a sharp knife and the cut edge observed. W^e see such an optical 

section because the lenses bring into view only structures which lie in a 
single plane. Thus the cell wall which completely encloses the cell appears 
only as an outline. The cell wall is of appreciable thickness and is suf¬ 
ficiently rigid to give u, the cell a fixed shape, and porous enough to allow 
water and substances in solution to pass freely through it. Although manu¬ 
factured by the protoplast it is not a living part of the cell. In Elodea as in 
most plants the cell wall is composed of a substance called cellulose. Inside 
the cell wall is the protoplast and surrounding the protoplast is the plasma 
membrane. The plasma membrane is separate from and quite independent 
of the cell wall. However, it is so thin and usually so closely applied to the 
cell wall that it is not ordinarily visible as a separate structure. In Elodea 
the central portion of the cell is filled by a large vacuole, so that the living 
protoplasm is in reality restricted to a layer surrounding this vacuole. A 
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cell sap containing salts and food substances 

0„ on. .M. .t col, „,J o„.i„, 
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Fig. 3:5 Cells from the conducting tissue of a plant stem Rv • 

^ok^Gemral Botany jor ColUgfs and Universities by Richard M Holml 

Robbins. Fourth Edition. Copyright 1939 bv Richard M H i V\ tifred W. 

bins. Published by John Wiley & Sons, Inc 

cITlus' '' nu- 

The study of individual cells shows that the green color of the leaf is 
due to numerous small oval bodies in the cytoplasm. These are chloro- 
Ptof. and they are regarded as a living part of the cytoplasm; their green 
color IS due to chlorophyll. If one of the chloroplasts is watched in a hVing 
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active cell it will be seen to move aiound the cell, up one side, across the 
end, down the other side, and across the other end. The chloroplasts are 
not themselves motile; they are merely carried along in the cytoplasm, 
which has a streaming movement that probably helps in the distribution of 
food and other materials in the cell. 


S. A CELL FROM THE CONDUCTING TISSUE OF A PLANT 

A different tvpc of cell is seen in the conducting tissues of plants. One 
kind through which food materials are conducted forms part of a structure 
called a stez'c tube (Fig. 3:5). A sieve tube consists of elongated cells ar¬ 
ranged end to end. The end walls contain minute perforations through 
which pass strands of cytoplasm connecting the protoplasts of adjacent cells. 
The protoplasts of mature sieve tubes are without nuclei, but nuclei are 
present during their development. The cells of a sieve tube have become 
adapted to passing food substances from one part of the plant to another. 
This is seen in their elongated shape, the protoplasmic connections be¬ 
tween them, and possibly in the loss of their nuclei. Associated with the 
sie\e tubes are other cells, such as companion cells and parenchyma cells in 
which food materials are stored. The protoplasts of these cells possess nuclei. 

Many other types of plant cells adapted to special functions will be en¬ 
countered in later chapters. 

7. SOME TYPES OF ANIMAL CELLS 

Several different kinds of tissues occur in animals, such as epithelial tis¬ 
sues, supporting tissues, muscular tissues, nervous tissues, and vascular tis¬ 
sues. Some types of epithelial tissues have already been described in Hydra. 
Cartilage and bone are examples of supporting tissues which occur chieny 
in the higher animals. Muscles are composed largely of muscular tissue, and 

the nervous system of nervous tissue. The blood and lymph constitute the 
vascular tissues. 


A. CELLS OF CARTILAGE AND BONE 

A thin section of cartilage from the end of one of the leg bones of the 
frog shows clearly the cells of a supporting tissue (Fig. 3:6). Separating the 
cells and formed by them is the stiff jellylike material which gives to carti¬ 
lage the consistency familiar to all in gristle, which is another name for 
cartilage. The cartilage cells are scattered through this material in small 
spaces. They have the structure of typical cells and each contains cyto- 
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plasm and a nucleus. As the individual cells increase in size, cell division 
occurs and the daughter cells become separated. 

In bone the cells are separated by a deposit of calcium carbonate and 
calcium phosphate. I he bone cells which are contained in small cavities 
are arranged concentricall) in layers around a central marrow cavity or 



A B 

Fig. 3:6 CeUs in a piece of cartilage, A, and in a piece of bone, B. The section of a piece 
of bone by permission after A Textbook of Histology by Alexander A. Maximow and William 
Bloom. Fourth Edition. Copyright 1942 by W. B. Saunders Company. 


around the blood vessels contained in the bone (Fig. 3:0). Connecting the 
bone cells are protoplasmic processes in fine canals. 


B. NiUSCLE FIBERS 

Three types of muscular activity occur in the body: the varied but in¬ 
voluntary contractions in such organs as the stomach and intestine; the 
regular rhythmic contractions of the heart; and the voluntary contractions 
of the muscles of the body wall and limbs. 

The simplest kind of muscle fiber is found in the walls of the stomach, 
intestine, and other internal organs. These fibers are elongated cells pointed 
at either end (Fig. 3:7). Each of them contains a single nucleus. When a 
muscle contracts the individual fibers become shorter and thicker. Fibers of 
this type are called smooth muscle fibers because they lack the striations 
seen in the fibers of voluntary muscles. 

The fibers of the voluntary muscles are thicker and longer than those 
of the involuntary muscles. They are called striated muscle fibers because 
under the microscope each fiber appears to be transversely striated. A fully 
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developed striated muscle fiber is not a single cell (Fig. 3:7). It is formed 
in the embryo by the fusion of many cells which lose their individuality 
and give rise to long cylindrical masses of protoplasm, each containing 
numerous nuclei. \\ hen killed, specially prepared, and examined with a 
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^I^clc tissue. Above, smooth muscle cells. Below, striated muscle fibers. By 

and Oliv-r S X Histology revised and rewritten by Adolph Elwyn 

S. Strong. Eighth Edition. Copyright 1932 by William Wood & Company. 

high power of the microscope,, the interior of a striated muscle fiber is 
ouiu to be filled with fine fibrils, each of which is then seen to be indi* 
VKlually Cl OSS-Striated. In most cases the striations in the different fibrils 
match, so that the entire fiber appears to be cross-striated. 

C. NERVE CELLS 

he function of nervous tissue is to carry messages or, more technically, 
to conduct impulses from one part of the body to another. It is therefore 
not surprising to find that the nerve cells have long processes extending out 
to other cells. .A type of nerve cell which is easy to observe is one that is 
conceined with carrying messages from the spinal cord to the voluntary 
muscles. Because the impulses conducted bv it cause a muscle to contract. 

It IS called a motor iirn.c cell (Fig. .^:8). .Such a cell consists of an irregularly 
pvramidal cell hody from which nerve processes extend in many directions. 
The nucleus is contained in the cell body. In some cases the nerve processes 
are of extraordinary length when compared with the cell body. For ex¬ 
ample. in the nerve cells which carry the impulses that move the fingers 
of the writer of this sentence, one type of nerve process, although of micro¬ 
scopic thinness, extends from the spinal cord to the finger, a distance of 
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approximately three feet, while the cell body from which it originates is of 
such a size as to be scarcely visible to the unaided eye. 


A motor nerve cell 



Ceil body of a 
motor nerve ceil 


Nucleus 
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Nerve cell from the cerebral cortex Nerve cell from 

olfactory epithelium 

I'®’ of nerve cells. By permission after BaiUfs T^xl-Book of Hislolopt 


D. BLOOD CELLS 

The blood consists of a liquid portion, called the plasma, in which the 
blood cells are suspended (Fig. 3:9). Most abundant are the red blood 
tells. In man these have the shape of disks. They are without nuclei in the 
circulating blood but are nucleated when first formed. The coloring matter. 

Red corpuscle 



Fig. 3:9 Blood corpuscles of frog. 


called Aemog/ofiin, appears yellow when viewed by transmitted light under 
the microscope. The red blood cells carry oxygen from the lungs to the 
other cells of the body. The hemoglobin which they contain combines 
with oxygen in the blood vessels of the lungs and gives up oxygen to 
the cells in the interior of the body that lack oxygen. Although specialized 
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in this way the red blood cells carry on all the metabolic activities of cells. 
It has been shown experimentally that they even carry on their own respira¬ 
tion. Human white blood cells are smaller than the red cells, lack hemo¬ 
globin, and are capable of movement and change of shape (Fig. 21:1). 

8. CELL DIVISION 

We have already seen that the living cell is an exceedingly complicated 
structure. We are now to see that the usual process by which cells divide 
is no less complicated. This is not surprising when one considers that each 
of the daughter cells must in some way continue to have the same compli¬ 
cated structure which its parent cell had. Cell division as usually under¬ 
stood involves two separate events: the division of the nucleus and the 
division of the cytoplasm. 

A. THE DIVISION OF THE NUCLEUS 

The division of the nucleus precedes that of the cytoplasm. The ordinary 
method of nuclear division is called mitosis to distinguish it from a rare and 
unusual form called amitosis. In amitosis the nucleus merely constricts and 
divides into two parts. Since amitotic cell division is not at present of 
general biological interest it will not be considered further. 

(1) THE RESTING NUCLEUS 

The term resting stage or resting nucleus is applied when the nucleus is 
not actually in division, since it undergoes its most conspicuous changes 
just previous to and during division. However, some biologists prefer to use 
the term vegetative stage in place of resting stage to indicate that during 
this stage the nucleus probably takes an active part in the growth and 
metabolism of the cell. The resting stage of the nucleus has already been 
described briefly in an earlier section. In the living state it usually ap¬ 
proaches the form of a sphere. As will appear when the process of nuclear 
division is described, the chromatin plays a prominent part and appears 
to be an essential constituent of any nucleus. On the other hand, the 
nucleolus, or the nucleoli, gradually disappear as the nucleus begins to di¬ 
vide and new nucleoli are formed after the division of the nucleus is com¬ 
pleted. 

(2) MITOSIS 

The process of mitosis is chiefly concerned with certain organized bodies 
in the nucleus called chromosomes. Although chromosomes have been ob¬ 
served generally in cells only during mitosis, there is considerable evidence 



Art. 8 CELL DIVISION 

that the organization ol the nuclear chromatin which they represent exists 
during the vegetative or resting stage. The chromosomes, which become 
ewdent m the division, are formed by a process of condensation from the 
chromatin. The chief results of mitosis seem to be the division of each 
chromosome into two equal longitudinal halves, and the distribution of 



Late anaphase Telophase Completed mitosis 

Fig. 3:10 CeU division. By permission from Foundations of Biology by Lorandc Loss 
Woodruff. 5bcth Edition. Copyright 1941 by The Macmillan Company 

the resulting halves in such a way that halves of the same chromosome go 
to different daughter nuclei. Important differences occur in the process of 
mitosis as it occurs in animals and plants and in different species. Mitosis is 
described as occurring in a number of stages or phases designated in order 
as prophase, metaphase, anaphase, and telophase; but it should be under¬ 
stood that the process is continuous and that in the actual division the 
phases merge into one another (Fig. 3:10). 

(a) THE PROPHASE 

The prophase at the beginning of mitosis is characterized by the appear¬ 
ance of long, fine, coiled, and contorted threads which usually, but not 
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always, are evenly distributed throughout the nucleus. These are the 
cliromosomes. In some cases it is possible to see that from its first appearance 
each chromosome consists of two threads closely applied to each other along 
their entire lengths, and it seems probable that this is the rule. Each of 
these threads into which the chromosome is divided longitudinally is 
called a chromatid. As the process of division proceeds each chromosome 
contracts in length and increases in thickness. 

(b) THE METAPHASE 

The metaphase is characterized by the formation of a new structure called 
the spindle and by the arrangement of the chromosomes in this spindle 
preparatory to the separation of the chromatids. When a centrosome is 
present in the resting stage it divides, and as the two halves separate and 
move apart the spindle is formed between them. In plants and higher ani¬ 
mals the nuclear membrane usually breaks down and the spindle comes to 
occupy the region previously occupied by the nucleus. When no centro- 
somes are present, as is the c^se in higher plants, their place seems to be 
taken by two polar caps which form in the cytoplasm, before the nuclear 
membrane breaks down, in positions corresponding to the poles of the 
spindle. Midway between the two poles of the spindle and extending at 
right angles to the axis joining these two poles is the equatorial plate. This 
is a region rather than a differentiated structure. The circular area where 
the equatorial plate meets the outer portion of the spindle may be called 
the equator of the spindle. 

The chromosomes which were fairly uniformly scattered throughout the 
nucleus in the prophase now take up positions in the equatorial plate. The 
orientation of a chromosome seems to depend on a certain point in it. 
called the point of attachment, being in the equator of the spindle. The 
portions on either side of the point of attachment of a chromosome tend to 
form a V. In fixed and stained preparations the spindle shows a fibrillar 
structure, the fibers, called spindle fibers, extending from pole to pole. The 
old conception of mitosis was that the chromosomes became attached to the 
fibers of the spindle by their points of attachment and that the chromatids 
were pulled to opposite poles of the spindle by the spindle fibers. It now 
seems extremely doubtful that such spindle fibers exist in living cells, and 
the whole conception of the mechanism of mitosis is being modified to fit 
in with modern physicochemical data. 

(c) THE ANAPHASE 

At the end of the metaphase the two chromatids of each chromosome are 
still in contact along their entire length. At the beginning of the anaphase 
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Uiey begin to separate at the point of attachment, and the separation gra^ 
ually extends along each chromosome to reach the ends. Before the separa¬ 
tion of the chrotnatids is complete they .nay remain for a sho. t tin.e con- 
nected so as to give the appearance of two “Vs" attached at their upper 
ends. After the separatio,. is complete the ch.-on,atids. now daughter chromo- 
somes. move toward opposite poles of the spindle. 

(d) THB TELOPHASE 

During the telophase the chromosomes go through a series of diangcs 
which seem to be in general outline the reserse of those which they went 
through in the prophase. The result is the formation of two daughter nuclei 
surrounded by nuclear membranes, each in the resting st.ige, and exactly 
similar to the nucleus from which they arose. If centrosomes are present one 
persists with each of the daughter nuclei. The spindle disappears com¬ 
pletely in animal cells after division of the nucleus is completed. In plant 
cells, beginning in the anaphase, the equatorial plate region of the spindle 
becomes transformed into a eell plate which eventually extends across the 
entire cell and forms the new cell wall separating the daughter cells. 


B. DIVISION OF THE CYTOPLASM 

The division of the cytoplasm follows that of the nucleus. In animal cells 
the division usually starts in the outer surface as a furrow in the plasma 
membrane. This extends round the cell in a plane at right angles to the 
axis of the spindle and gradually deepens so as ultimately to divide the 
cell. As already explained, in most plant cells the division of the cytoplasm 

is achieved by the formation of a cell plate and thus is usually closely re¬ 
lated to the division of the nucleus. 



CHAPTER 4 

The Physical Basis of Life 


An understanding of living processes, especially those processes which go 
on within the cell, is not possible without some knowledge of the nature 
of matter and the fundamental physical and chemical laws which govern 
it. This is the reason for a brief discussion of the chemical substances found 
in protoplasm and their chemical behavior. 


1. THE CHEMICAL COMPOSITION OF PROTOPLASM 

A. ATOMS AND MOLECULES IN CHEMICAL SUBSTANCES 

Matter is composed of atoms. There are probably about ninety-four dif¬ 
ferent kinds of atoms, but some of them are quite rare and a few have not 
yet been discovered. A substance which is composed entirely of one kind of 
atom is called an element. Atoms unite in groups to form molecules. In a 
molecule the atoms are bound together in definite proportions and ac¬ 
cording to a definite arrangement. The atoms in a molecule may be of the 
same kind. In this case the molecule is a molecule of an element. More fre¬ 
quently the atoms in a molecule are of different kinds. When this is the 
case and the molecules are identical the substance is called a chemical 
compoioid. While the number of elements is small the number of different 
kinds of molecules and therefore of chemical compounds is enormous. 
Only a few of the known elements seem to figure prominently in organisms, 
but these few form a vast number of chemical compounds which enter 
into and determine the behavior of protoplasm. 

Atoms are represented by symbols which are commonly the first or the 
first two letters of the name of the corresponding element. An element may 
be represented by the same symbol as its atom. The atoms which occur 
frequently in living matter and the symbols used to represent them are m 
dicated in Table 4:1, It should be emphasized that, while this table reprC" 
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CHEMICAL COMPOSITION OF PROTOPLASM 

TABLE 4:1. CHENflCAL ELEMENTS IN PROTOPLASM i 
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•Esscnlial to all organisms 


F.LEMENT 

Oxygen . 
Hydrogen 
C;irtx)n . 
Nitrogen 


Not essential in lower ] 
org;misms [ 

Not essential in plants | 


Sniphur . , 
Phosphorus 
Potassium . 
Iron . . . 

Magnesium 

Ctlcium 


Sodium 

Chlorine 


SYMBOL 

O 
. H 
C 
N 

S 

P 

K 

Fc 

Mg 

Ca 

Na 

Cl 


PER CENT 

Tfi 
10 
10.5 
2 


:.3 

!.a I 


99% 


.2 

.3 

.3 

.01 

.02 

.02 

.05 

.10 


More almndant 

in body fluids 


sents the chemical composition of protoplasm so far as the an.ounts of the 

different elements are concerned, these elements do not occur in protoplasm 

as free elements but as the constituents of chemical compounds, except in 
a few special instances. ^ 

A chemical compound may be represented by a molecular formula which 
indicates the numbers of the different kinds of atoms in the molecule of 
the compound. Thus water is represented by H,0 indicating that a mole¬ 
cule of Water contains two atoms of hydrogen and one atom of oxygett 
Similarly carbon dioxide is represented by CO,, indicating that the molecule 
contains one atom of carbon and two atoms of oxygen. However the ar 
rangement of the atoms in the molecule is also important and is not rep 
resented in the molecular formula. Therefore, another kind of formula 
called the graphic formula, is also used. In this formula the individual 
atoms are represented by symbols connected by short lines, called bonds 
which represent diagrammatically the way in which the atoms are held 
together in the molecule. The graphic formula for water is 

> 

and the graphic formula for carbon dioxide is 

o=c=o 

However, although the arrangement of the atoms in the molecule is im¬ 
portant ^ven in such relatively simple compounds as carbon dioxide and 
water, ,t is usually sufficient in the case of such compounds to give the 

^Recent investigations indic.ite that small ciiiantities of boron alnminiMri r 
cMoime. mangimese. copper, and «nc have a marked effect on f i’ 

should perhaps be considered as essential elements. growth of plants and 
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moleculai (oiniula. The reason for this is that when the number of atoms 
in a molecule is small only one arrangement of them seems to be possible 
and therefore such a compound is completely determined when the num¬ 
bers of the atoms in the molecule are known. 


B. INORGANIC AND ORGANIC SUBSTANCES IN PROTOPLASM 

Chemical compounds are usually divided into inorganic and organic 
compounds. Inoygariic compounds are compounds which do not contain 
car 3on, while oi^anic compounds are compounds containing carbon. These 
names were introduced when it was thought that all compounds containing 
r on, or at least all except the simplest, were formed only in living or¬ 
ganisms. It is now possible to make in the laboratory many carbon com- 
po n s which have not been found in organisms and quite probably do 
not occur in tliem. However, the terms inorganic and organic are still 
used, and it may be said in defense of this usage that the vast majority of 
carbon compounds which occur naturally on the earth occur only in or¬ 
ganisms or materials produced by organisms, while the crust of the earth 
IS on the whole composed of inorganic compounds. 

(1) INORGANIC COMPOUNDS IN PROTOPLASM 

Inorganic compounds occur in protoplasm chiefly in the form of salts in 
so ut.on. When such salts are dissolved, most of the molecules are divided 
nto positively and negatively charged portions called iom. In this form, 
hat IS, in the form of ions, the inorganic substances help to maintain in 
le protoplasm conditions favorable for the chemical changes which occur 


(2) ORGANIC COMPOUNDS IN PROTOPLASM 

The organic compounds found in protoplasm include carbohydrates, fats, 

fatty substances, ammo acids, and proteins. Protoplasm also contains a 

number of organic substances which do not seem to come under any of 
these general types. 


(a) CARBOHYDRATES 


The carbohydrates include a group of compounds which contain carbon, 
hydrogen, and oxygen, the hydrogen and oxygen being in the proportion 
to form water.' The carbohydrates of interest to the biologist may be classi- 


'This definition is not quite accurate, as some sugars are knoivn in which the propor¬ 
tion of hydrogen to oxygen is not that in water aL some other substances rvhich are 
not re^nled as rarbohydrates contain hydrogen and oxygen in the proportioa to form 
water. However, the definition above is approximately correct. 
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aSd ‘cXltr starch. 

fo™s'oTTluc"'''"r'” ' ‘•■'T-ent 

of glucose depend,no on the exact o.ien,ation of the H and OH 

plasTof pTanr' '''T' ^“'oro- 

su Jr n pl'otosynthesis. and it is the connnon form in tvhich 

sugar occurs m the blood. There are other • . 

molecular formula as glucose C H O b' m 

r ^lucusc, out differing from it in the 

rangement of the H and OH groups. The> are of inferest chief! as con,-' 

ponents of complex sugars and starches. ^ 

One of the co.mnonest of the complex sugars is malt suaar, so nan.ed 

ofceJIirrijr- *" ^ ^ sprouted seeds 

su^ar 1. , ‘T '"“"‘■f‘->«nre of fermented li,|uors, the n.alt 

gr being changed to alcohol. Malt sugar is important in both animals 

d plants as one of the substances formed in the digestion of starch The 

~n sugar of the dinner table, called enne sng„r. is formed front on 

ntolecule of glucose and one molecule of another simple sugar. The prin- 

in^a sSlr" ’ -Tga.detl as formed 

a .simtlai nay by the combination of one molecule of glucose and one 

Tormut I ho'" "’J”" T" 

loimuia, and may be called double sugars 

celt'T' “’V"""’”" ■" --■^"'"drates are stored in the 

ce Ls o plants. Being only slighlly soluble, it is precipitated as small char- 

c enstte granules. The starches formed in different species of plants arc 

ent and are named after the species of plant. Starch may be regarded 

S formed by the combination of many molecules of a double sugar with 

st'aJhDr'J JT’' “ 

tarcl, ts (C„H,„0,)„ where n ,s usually a large number. When the sfirch 
IS required for food by the plant it is changed firs, to the double sugar and 
>en to glucose. In this case the starch is said to he di.msicd Chioirrn 

I lants. Cellvlose ,s the main constituent of the walls of plant cells Cotton 

practically pure cellulose. Cellulose is insoluble in water and all organic 
solvents. It IS closely related to the starches. ^ 

Carbohydrates ate the chief source of energy- in the body. This energs- is 

« it,:: ””” 

(b) FATS 

When digested in the body of an organism, fats are broken down into 
fatty acds and glycerin, and it seems likely that when they are formed in 
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a cell the synthesis is brought about by the combination of fatty acids with 
glycerin. The glycerin molecule consists of a chain of three carbon atoms to 
each of which are attached an OH group and either one or two hydrogen 
atoms. The molecule is represented graphically by the formula below. 

OH OH OH 
H—C—C—C—H 

H H H 

A common fatty acid is stearic acid, the molecular formula of which may 
be written CHg (CHg) j^COOH. This indicates that the molecule consists of 
a long chain of carbon atoms to each of which are attached hydrogen atoms, 
except at one end where an oxygen atom and an OH group are attached. 
One form of the fat stearin is formed when three molecules of stearic acid 
combine with one molecule of glycerin and three molecules of water are 
liberated. Its molecular formula is Cg^Hj^^Og. Two other important fats are 
pahnitin and olein, which are formed by the combination of glycerin with 
palmitic and oleic acids, respectively. It should be noted that in a fat the 
number of oxygen atoms is small in proportion to the number of carbon 
atoms, while in a carl)ohydrate the number of oxygen atoms is equal to the 
number of carbon atoms. For this reason when it combines with oxygen, 
the fat molecule yields more energy than the carbohydrate molecule. Fats 
are a stored reserve of energy in the body. As in the case of carbohydrates 
this energy becomes available when the fats are oxidized. 

(c) A/4/NO AC/DS 

The amino acids are organic acids which have an acid groxip of atoms 
consisting, like that of the fatty acids, of a carbon atom to which is at¬ 
tached an oxygen atom and an OH group 

OH 

c=o 

In addition they have an amino group of atoms which consists of a nitro¬ 
gen atom and two hydrogen atoms, NH 2 . The amino group of atoms is 
always found attached to the same carbon atom to which the acid group 
is attached. The simplest of the amino acids is glycine, 

The graphic formula is given below. 

NH 2 OH 

I i 

H—C—0=0 


H 
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wnsiderably more complicated that, glycine. Amino acid tnolecules act as 

Ae budding blocks, out of which the larger and more complex molecules 
of proteins are formed. ^ moiecuics 


(d) PROTEINS 

refm m"r' t° be first, and 

eters to the primary, importance of these compounds for all living things. 

in organisms. Our 

knowledge of proteins has come chiefly as a restdt of breaking them down 

nto simpler substances. As the protein is broken down a series of sub- 

ances of gradually decreasing complexity are produced, the end result 

being ammo acids. So far it has not been found possible to carry through 

to completion the syrithesis of proteins in the laboratory. The most com- 

p irated substances so far made in this way teas composed of eighteen amino 

acid molecules and must be regarded as only a short step toward the arti- 
ncial production of a protein. 

The number and variety of proteins is legion. In most cases the protein 
molecule is exceedingly large and complex. The great variety of proteins 
IS due to the enormous number of ways in which the few amino acids are 
combined and arranged, just as the great number of tvords in the diction¬ 
ary is due to the combination and arrangement of the twenty-six letters of 
the alphabet. 

The chief function of proteins seems to be to form the building ma¬ 
terials of the living protoplasm. Life is a very complicated phenomenon 
and to exist seems to require a complicated structure in the living material 
This complexity of structure is brought about in living protoplasm largely 

by the use of proteins. Proteins also yield energy. Most of the energy comes 
when the amino acids are combined with oxygen. 


2. ENZYMES 

In living cells chemical changes occur with very little change in tempera¬ 
ture and with the reacting substances in moderate or dilute concentrations 
In most cases to bring about the same reactions in the laboratory with the 
same substances isolated from cells, high temperatures and powerful re¬ 
agents are required. We now know that most of the chemical changes in 
hvmg cells are made possible by the presence of substances called enzymes 
The word "enzyme" comes from a Greek root referring to fermentation 
and Its use as a general term for these agents is due to the fact that one of 
the first of them to be discovered and investigated occurs in yeast and 
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brings about the fermentation of sugar to alcohol. This was at first thought 
to be the work of a single enzyme. It is now known that there is a series 
of reactions involving at least six or seven and perhaps more separate en- 

/vmes. 

/ 

Enzymes act to promote reactions between organic substances. Some en- 

zvmes have been isolated in crystalline form. All of those for which the 

/ 

chemical composition is known are proteins. They act only in water on 
substances dissolved or dispersed in water and, in general, only under con¬ 
ditions similar to those which exist in organisms. The main features of 
enzymes may be summarized as follows: 

1. Enzymes increase the velocity of chemical reactions without them- 
selves being used up in the process and without providing the energy for 
the reaction. 

2. So far as is known enzymes are produced only by living cells. 

3. Some enzymes are active inside the living cell in which they are pro¬ 
duced, while others produce their effects outside the cell. 

4. Enzymes are sensitive to temperature, being destroyed by temperatures 
over 100® centigrade, and they are active usually only within a compara¬ 
tively narrow temperature range. They are also sensitive to the chemical 
conditions of the medium in which they are acting. 

5. The action of enzymes is specific, that is, any one enzyme furthers only 
one or at most a few similar reactions. The action of an enzyme is also re¬ 
versible, that is, the direction of the reaction which it furthers depends on 
the concentrations of the reacting substances. 

3. ENERGY CHANGES IN CHEMICAL REACTIONS 

When an electric current is passed through water the atoms of hydrogen 
and oxygen in the water molecules are separated and the water is de¬ 
composed into the two gases, hydrogen and oxygen. A large amount of 
energy is recpiired to effect the decomposition and this energy is supplied 
by the electric current. If the gases obtained in this way are allowed to re¬ 
combine to form water they do so with an explosion in which a large 
amount of energy is given off. Indeed the amount of heat energy which 
is generated in the explosion is equivalent to the amount of electrical 
energy which was required to decompose the water. Chemical changes are 
usually accompanied by energy changes. In some cases energy is absorbed, 
in other cases energy is liberated. The combination of carbon with oxygen 
to form carbon dioxide is an example. In this reaction heat is given off. The 
molecule of carbon dioxide contains one atom of carbon and two atoms 
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of oxygen To separate the carbon atom from the oxygen atom, rennire, !! 
amomtt of energy etp.al to the energy .bich was eyoLl wh" T 

oxide was formed. Usualh energy is liberated whe.i a snbstance is com 

oMSn"'The°"®'"' Si'- ‘'P 

Z^h tl ■" al^oot largely 

r «ed ,I„C , co„„,„. aboul hart a. ,„„d, „«v 5 m a, ,|„ di„,Ua 

way the l.glu energy teceiyed from the snn is stored in the sugar and 

oxhle foZr carbon di- 

Since practically all forms of energy can be transformed into heat energy 
ncgy is lret,nently expressed in tbe form of beat units. 1 be unit of bt ,t 
energy used n, biology is tbe lalogr,,,,, u.lorir. It is ,be a.nount of energy 
ccpiired to raise one kilogram of water from ha” to l(i« centigrade Tbe 
energy yabies of food substances are usually stated in kilogram calories' 


4. COLLOIDAL SYSTEMS 

If a glass of muddy water from a pond or marsh be set down and the con 
ents allowed to settle it will be noticed that the larger yisible particles 
ettle out first, then the smaller yisible particles, after which the water may 
appear cloudy. If a portion of this cloudy water be examined under the 
microscope it will be found that the cloudiness is due in great part to par- 
tides too small to be visible to the unaided eye but visible under the 
microscope. In time the water, beginning at the top of the glass, will be¬ 
come clear, showing that the finer material, responsible for the cloudiness 
has settled out. If now a narrow beam of strong light is sent through the 
dear water at right angles to the line of sight, the part of the water il¬ 
luminated will again appear cloudy to the naked eye (Fig. 4:1). The cloudi¬ 
ness which now appears may be explained if the water is again examined 
under the microscope but this time with the light coming from the side 
(hig. 4:2). The cloudiness is then seen to be due to still finer particles which 
appear as bright dots without definite shape or outline. Particles, such 
as those just described, which are too small to be seen in the ordinary way 
with the microscope and are larger than most molecules, are called colloidal 
particles. Together with the substance in which they are suspended in this 
case water, they form a colloidal system. Colloidal particles pass trough 
he pores of ordinary filter paper. However, by using certain special types 

filters in which the pores are very fine, the colloidal particles can be 
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caught and the water freed of them. After the water is freed of these particles 
it is found to contain only substances in solution. Colloidal particles usually 
consist of many molecules, but the very large molecules of some proteins 
may behave as colloidal particles. 

Organic colloidal systems belong mainly to two types, namely, a liquid 
dispersed in a liquid, for example, minute drops of oil in water and solid 
particles dispersed in a liquid, a form which protein systems frequently take. 

When gelatine, which is a simple protein obtained from animal tissue, is 
added to hot water it appears to go into solution. Actually what is formed 



Fig. 4:1 The Tyndall effect. 
When light is passed into a 
colloidal suspension at right 
angles to the line of vision, 
the particles make the liquid 
cloudy. By permission from 
Chemislryy A Textbook for Col~ 
leges by William McPherson, 
William Edwards Henderson, 
W. Conrad Fernelius, and 
Edward Mack, Jr. Copyright 
1940 by Ginn and Company. 



Fig. 4:2 Microscope and light 
arranged to show colloidal parti¬ 
cles. The suspension is illuminated 
by light rays passing through it at 
right angles to the axis of the mi¬ 
croscope. By permission from Gen^ 
eral College Chemistry by Joseph A. 
Babor, and Alexander Lehrman. 
Copyright 1929, 1940 by Thomas 
Y. Crowell Company. 


is a colloidal system, as can be seen by examining the liquid under the 
microscope. If sufficient gelatine is added and the system is cooled, the 
liquid will set into a jelly which has some of the properties of a solid. When 
warmed, the jelly returns to the liquid state. 

Not all colloidal systems form jellies as described above. In many eases 
instead of forming a jelly the colloidal particles coagulate to form a diffuse 
semisolid mass which will not dissolve again. An example of this type 
colloid is seen in the white of the hen’s egg. This contains a simple protein 
called albumen. In an ordinary fresh egg the white is in the form of a clear 
liquid. When the egg is boiled this becomes an opaque white coagulum- 
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5. THE FINER STRUCTURE OF PROTOPLASM 


it is L? •■'ncl properties of protoplasm 

t .s not sufficient to know only its chemical composition. The liner struc- 

ure of the living material umlotihtcdlv determines when and to what cx- 
ent the various substances react with each other and in consetpiencc most 
or all of its vital functions are outlined in the relationships expressed in 
us finer structure. The investigation of the structure of protoplasm may 
e approached from two different points of l ieiv. The various devices for 
obtaining magnified images of small objects, such as the highest powers of 
the ordinary compound microscope, the ultraviolet microscope, the electron 
microscope, and X-ray technique, may be used. The object here is to ob¬ 
tain a graphic representation of the structure. The other approach is to 
attempt to build up from known or determinable facts and principles of 
organic chemistry a theoretical structure which could carry on the activities 

of protoplasm and then to test for the existence of this structure by experi- 
nient and observation. 

Three theories are generally recognized at the present time: the alveolar 
theory, the fibrillar theory, and the granular theory. Each of these theories 
presupposes two types of material, one liquid, the other solid or semi- 
solid. The theories differ chiefly in the form assigned to the solid or semi- 
solid material. According to the alveolar theory, the settiisolid material is 
spongelike, and the numerous minute spaces, or alveoli, which correspond 
to the pores of the sponge, are filled with the liquid material. According to 
the fibrillar theory, the solid or semisolid material takes the form of fine 
threads, or fibrillae, which form a network extending throughout the liquid 
portion. According to the granular theory, the solid or semisolid material 
consists of minute granules suspended in the liquid material. It is po,ssible 
that all three types of structure exist in protoplasm, depending on the con¬ 
ditions under which the protoplasm happens to be and the function or 
functions which it is performing. It may also be that all of these theories 

are too schematic and that the actual structure of protoplasm is more com 
plicated. 


6. CELL METABOLISM 

Metabolism has already been defined as the chemical changes which oc¬ 
cur in an organism. Although not all of the chemical changcs’which occur 
m organisms take place within their cells, the protoplasm is undoubtedly 
the most important seat of chemical activity in the organism. This chemical 
activity is not to be thought of as consisting of random reactions but rather 
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as confoiniing to a system or chemical mechanism largely activated by 

ennn.es and tletern.ined by the already existing structure of the protoplasm 

and the arrangement and ,,„antities of the raw ntaterials which it contains. 

1 he chemical reactions occur on a very small 

scale between minute quantities of substances in¬ 
side the cells. 



7. DIFFUSION 

4 

In any solution the dissolved substance, if 
gi\en time, will become uniformly distributed 
in the liquid. This phenomenon is due to dif¬ 
fusion. Difiusion can be easily demonstrated if a 
crystal of cupric sulphate (CuSo^ • 5H,0), a blue 
salt of sulphuric acid, is placed in the bottom of 
a tall cylinder which is then carefully filled with 
water (Fig. 4:3). The cupric sulphate when it 
dissolves gives a blue color to the solution. If the 
water is kept undisturbed and at constant tem¬ 
perature, the blue color w'jll rise slowly in the 
cylinder. Substances with small molecules diffuse 
more rapidly than substances with large mole¬ 
cules. While diffusion in an undisturbed solution 
IS \ cry slow when observed in a vessel of ordinary 

n • - microscopic pro- 

2 us d "“'scales may 

ddfusc Unough (he protoplast of a cell in a few minutes or less. 


Fig. 4:3 Diagram of a 
colored substance dissolving 
and diffusing in water. By 
permission from A Textbook 
o/ General Botany for Colleges 
md VmversHies by Richard 
M. Holman and Wilfred W. 
Robbins. Fourth Edition. 
Copyright 19.39 by Richard 
M. Holman and Wilfred W. 
Robbins. Published bv Tohn 
Wiley & Sons, Inc. 


8. MEMBRANES 

A piece of filter paper is effective in keeping back or screening otit the 

larger particles in a lie,u id became of its poro.is nature. In filter ,"aper the 

pores are relatively large. Structures with much finer pores occur in nature 

and can be iiiatlc arttficiaily. They are called ,nembranes. Membranes which 

allow certain particles to pass and not others are called digerentially per- 
meable membranes. 

Dillerentially ,,ermeable membranes give rise to a phenomenon called 
osmosis, which IS due to the difference in the rates at which different sub¬ 
stances pass through a membrane. How osmosis occurs can best be under¬ 
stood from an example (Fig. 4T). Across the lower part of a U-tube » 
strelchctl a membrane which is permeable to water, but which allows cane 
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sugar molecules to pass through it only very slowly. On one si<Ie of tih! 
membrane the tube contains a a per cent solution ol cane sugar, anti on the 
o stde of the membrane, a 1 per cent solution of the Ine sub^anc" 
If the amounts of the solutions are so adjusted that they are at the same 

i S/"h T 7 T7 (FiS- 

hi I 777 ''"^'‘^^‘0 l>as become 

slier while that of the less concentrated (on the right) has become louer 

and that the difference in level between the two solutions will continue to 



Fig. 4:4 Diagram iUustrating diffusion through a scmipcrmcablc membrane. Bv ner- 
mission frorn A Textbook oj General Bolanj'/or Colleges and Unimsilies by Richard M Hnl 
man and VVdfrcd VV. Robbins. Fourth Edition. Copyright 1939 by Richard M Holman 
and Wilfred W. Robbins. Published by John \Vilcy & Sons, Inc. 

increase until a certain definite difference in level is reached, after which 
the level will remain constant. Since the sugar passes only very slowly through 
the mcmbratie this experiment shows that water passes through the mem¬ 
brane from the side where the sugar is less concentrated to the side where 
the sugar is more concentrated until a certain difference in pressure, repre¬ 
sented by the difference in levels, is reached on opposite sides of the mem¬ 
brane. This may be stated in another svay which is more in conformity 
with our idea of diffusion. The water is more concentrated where the sugar 
is less concentrated. The water moves from the side where it is more con¬ 
centrated to the sitle where it is less concentrated. The difference in pres¬ 
sure on opposite sides of a differentially permeable membrane due to soli, 
tions of different concentrations on opposite sides of it is called osmotic 
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pressure. The term osmosis is properly used to designate the passage of the 
liquid, in this case water, through the membrane, but its use has become 
ambiguous. 

In order for an osmotic pressure to be developed, it is only necessary 
foi the concentration of the substance concerned in the process to be greater 
on one side of the membrane than on the other, and it is not necessary for 
the membrane to be absolutely impermeable to the substance; an osmotic 


Cell wall Cell wall 



Fig. 4:5 Effect of osmotic pressure on the cells of a leaf of Elodea. A, before adding 
salt solution; B, after adding salt solution, beginning of effect; C, completion of effect. 

pressure will be developed if the membrane merely retards diffusion of one 
of the substances. 

We can picture the plasma membrane as a differentially permeable mem¬ 
brane separating the protoplasm of the cell from the surrounding medium. 
Protoplasm is largely water and contains in true solution and in colloidal 
suspension many substances, some of which pass readily through the plasma 
membrane, others less readily, and some not at all. Also the surrounding 
medium, which is usually also largely water, may contain substances in 
solution and in colloidal suspension which, again, may pass readily, less 
readily, or not at all through the plasma membrane. 

The presence of a plasma membrane and the effect of osmotic pressure 
are easily demonstrated in plant cells. The cells of the leaf of Elodea nor¬ 
mally live in pond water and there is osmotic equilibrium between the pro¬ 
toplasm and water of the pond. If now a leaf of this plant is mounted for 
examination under the microscope and a little salt is added to the water 
from the pond, this equilibrium is disturbed and water is in relatively 
greater concentration within the cell membranes. Osmosis therefore occurs 
and water passes through the plasma membrane out of the protoplast into 
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and the plasma membrane shrinks away front the cell wall which. Line 
reel)' permeable to the salt, remains in place (Fig. 4:5) ^ 

The cell may be returned to its normal state by replacing the salt solu- 
on b, pond water. The shrunken protoplasm will then swell and extend 
u to the cell walls If. however, too much salt was added in the first part 
of the experiment, the cell may have been killed. This is the principle used 
in preserving food materials, such as fish and pickles, in brine or salt solu¬ 
tion. The organisms which would otherwise cause decay are killed by the 
osmotic pressure set up by the salt solution. 

The effect of osmotic pressure can also be shown in animal cells The 
corpuscles of the blood described in the previous chapter are surrounded 
by the blood plasma. This plasma is a fluid rich in many substances which 
occur also in more or less equal concentrations in the protoplasm of the 
blood cells. Thus in the normal blood there is osmotic eqidlibrium be¬ 
tween the blood cells and the plasma. If a quantity of pure water is added 
to the plasma, this equilibrium is disturbed and water passes into the blood 
cells through the plasma membrane, making them swell; and if the plasma 
has been sufficiently diluted, the blood cells will actually burst, liberating 
their contents into the plasma. In this way it is possible to kill a frog or a 
man by merely injecting pure water into tlie blood. 



CHAPTER 5 

The Meaning of Evolution 


1. EVOLUTION 

Science has been defined as the attempt to find order and reason in the 
universe. In the living world this attempt to find order and reason finds 
expression in the theory or, better, the principle, of evolution. It is the 
only principle yet advanced which satisfactorily accounts for the varied 
forms which life has taken on this globe. The evidences for the occur¬ 
rence of evolution will be discussed in a later chapter after the necessary 
factual foundations have been laid. It is important, however, at this stage 
to get a clear general idea of the meaning of the principle and its applica¬ 
tion. 

Unfortunately the human implications of the principle have over- 
shadow'cd all others in the popular mind, and the term has come to mean 
for many laymen little more than the rather misleading idea that man was 
descended from a monkey. Consequently, many otherwise intelligent people 
fail to appreciate its true significance. It wdll help toward a clearer under¬ 
standing of the meaning of evohtlion if we endeavor for the moment to 
forget its human implications and try to be impartial and objective. Ex¬ 
pressed in a simple way, evolution means only that everywhere in the uni¬ 
verse, in the inanimate and the animate worlds, there exists a gradual and 
unending process of change leading to the continuous unfolding of new 
things, and that such new things, be they inanimate or animate, can arise 
only from things w'hich preceded them. View’ed in this w'ay evolution is 
really a long continued story—the story of a drama full of action, pathos, 
and tragedy. Important events in the drama were the birth of our sun as 
one of the children of a great spiral nebula, the forming of our little planet 
as a child of this sun, on it the birth of life aw'akened from lifeless inor¬ 
ganic matter by the radiant energy of its parent sun, and then millions of 
years after, the coming of the higher plants and animals, one form succeed- 
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ing another, changing with the changing lace ol the earth, and contributing 
its share to the great web of life which covers the planet. 

We are now concerned particularly with organic evolution or the evolu¬ 
tion of living things. This can be illustrated by a tree of life, but better, 
perhaps, as a great mass of living things arising and unfolding in the sea 
and on land. Where this mass takes it origin it represents tlie most primitive 
organisms, or the origin of life in the distant past, perhaps a thousand mil¬ 
lion years ago. As it extends up\\'ard it di\'ides. These divisions represent 
the origin of new and more complex forms from earlier and simpler forms. 
As time goes on. these early branches in turn divide, the early forms give 
rise to other slightly more highly organized forms, and so on until tlie 
advancing surface is reached. Here are represented the species living at the 
present time. Probably the first organisms were plants, since they must have 
manufactured their own food. Whether animals descended from plants 
or arose independently is doubtful. It is simplest, however, to represent the 
two great kingdoms of living things separately (Figs 5:1 and 5:2). 

From the similarities and differences of the living species much can be 
concluded regarding their relationships, but the actual branches which show 
the real relationships are buried in the past and only rarely come to light 
in fossils. It should be noted that no living species can really be regarded 
as the ancestor of another living species. All that we can say is that the 
species may have had a common ancestor which may or may not have re¬ 
sembled one of them more than the other. 

2. STRUCTURE AND ADAPTATION 

An organism may be regarded as showing a certain structural type. Thus 
a fish shows the structural type of a backboned animal or vertebrate, and 
a beetle or a bee shows the structural type of an in.scct. This is not meant to 
imply that each was built from a blueprint like a modem house or auto¬ 
mobile, but rather that the organs, tissues, and cells in each case show 
certain structural rclation.ships which arc found not only in the particular 
species but in other similar species, indeed in all the organisms which con¬ 
form to the type. 

Although there are over a million different species of plants and animals 
the number of fundamentally different types is probably not more than 
twenty. The recognition of these fundamentally different types is used by 
biologists as a basis for the classification of plants and animals into major 
groups or phyla (singular, phylum ). 

When the.se major groups are studied in detail it is found that the funda¬ 
mental type of structure differs in detail in particular cases, producing the 
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Fig. 5:2 Diagram to illustrate evolution in animals. There is an outline classification 
of animals in the appendix. 
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characteristics of smaller groups and that these differences consist in the 
main of adaptations to the environment or mode of life of the particular 
group. The principle may be illustrated in the vertebrates. These back¬ 
boned animals all conform to the same fundamental structural type. How¬ 
ever, this differs in detail in the different groups of vertebrates which are 
recognized as fishes, amphibians, reptiles, birds, and mammals. In fishes the 
appendages take tlie form of fins which are adapted to locomotion in water. 
In mammals, which are typically terrestrial animals, the appendages take 
the forms of legs adapted for walking and running. In birds, on the other 
hand, the forelimbs take the form of wings adapted for flight. In all of 
these groups tliere arc typically two pairs of appendages, and the bones and 
muscles of the corresponding pairs conform to a certain fundamental plan 
of structure which is that of a vertebrate. Other differences between these 
groups such as the shape of the body or the possession of scales, hair, or 
leathers also suggest themselves as modifications of the general plan which 
is, however, always present in its main outlines. The differences may be of 
such a nature as to cause considerable variation from the type. Thus the 
respiratory organs of fishes are gills adapted for breathing in water, while 
those of mammals arc lungs adapted for breathing air and those of birds 
include, besides lungs, air sacs extending to various parts of the body in¬ 
creasing their efficiency and making the animal lighter. Or the modifica¬ 
tions may be less fundamental, such as those which distinguish a mammal 
like a rabbit, which has large chisel-like front teeth for gnawing and a 
digestive system adapted to a vegetable diet, from a flesh-eating mammal 
like the cat, which has sharp claws and teeth adapted to catching its prey 
and the digestive system of a flesh eater. 

3. NAMING SPECIES 

As there are nearly a million known species of plants and animals it is 
evident that if they are to be objects of serious study the different species 
must be given names so that they can be referred to without ambiguity, and 
must be described so that they can be identified with certainty. 

The scientific method of naming organisms depends on the idea of 
species. A species (the term is the same in the singular and plural and the 
final “s” is pronounced) is a group of organisms which resemble each 
other so closely that they can be separated only by individual differences. 
In the case of many organisms there is little doubt about what constitutes 
a species. The gray squirrel, for example, constitutes a species which is not 
easily confused with any other kind of mammal. Similarly the brook trout 
is an easily recognized species of fish, and the dandelion is an easily recog- 
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nized species of flower. In other cases it is often extremely difficult to find 

definite distinguishing characteristics and therefore to decide whether all 

the individuals of a group should be placed in the same species or in one 
or more separate species. 


Species are grouped into genera. A genus consists of a group of like spe¬ 
cies. The different species of oaks form a genus to which the name Quercus 
(Latin for "oak") is given. The genus includes a number of species such 
as the white oak, Quercus alba (alba is Latin for “white”) ; the red oak. 
Quercus rubra (rubra is Latin for "red") : and the live oak. Quercus vir- 
giniana (virginiana is Latin for "from Virginia”). This method of desig¬ 
nating an organism by naming the genus and species to which it belongs is 
called the binomial system of nomenclature and is due to the Swedish 
botanist, Linnaeus (1707-1778). 


4. CLASSIFYING PLANTS AND ANIMALS 

It is not enough to simply give the different species scientific names. 
The species must be classified or arranged according to some mctliod. For 
a scientific study the classification should be such as to show the relation¬ 
ships between the different species. The relationships which modern clas¬ 
sifications have aimed to show are those of descent or evolution. Species 
which show a close similarity of structure and external features arc con¬ 
sidered to have been descended from a previously existing species which 
did not differ greatly from either of them. Such species are placed in the 
same genus. Similarly, closely related genera arc grouped into families, 
families into orders, orders into classes, classes into phyla, and phyla into 

kingdoms, of which there arc two—the plant kingdom and the animal 
kingdom. 

An example may serve to make more clear the principles of classifica¬ 
tion. Let us take the familiar dog. We naturally place it in the animal king¬ 
dom. Within this kingdom arc a dozen or more phyla, to one of which 
it must be assigned. It is placed among the chordates in the Phylum Chor¬ 
data. A satisfactory discussion of the reasons for this woidd lead us too far 
at the present stage of our study. Suffice it to say that the characters relate 
chiefly to structures which appear in the course of development and indicate 
certain fundamental features of structural plan. Because the dog possesses 
an internal skeleton including a backbone and skull and has many other 
special characteristics it is placed among the vertebrates in the Suhphylum 
Vertebrata. Because it nourishes its young with milk from mammary glands 
and has many other characteristics including a covering of hair it is placed 
among the mammals in the Class Mammalia. Because the young while in 
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the body of the mother are nourished through a special organ called a 
placenta (described in Chap. 23) the dog is placed among the placental 
mammals in the Subclass Eiitheria. Because its teeth and claws are adapted 
to the eating of flesh it is placed among the flesh-eating mammals in the 
Order Caruwora. This order contains a number of families of which one is 
the family Catiidae or dog family, some of the distinguishing features of 
which are relatively straight legs for running, claws that cannot be re¬ 
tracted into the foot like those of a cat, a relatively long face, and numer¬ 
ous back teeth (molars) . The family includes also the foxes. The name 
of the genus to which the domestic dog belongs is Canis, the Latin for 
dog. This is a large genus including also wolves and jackals. The species 
to which the dog belongs is farniliaris. The position of the dog in the classi¬ 
fication may be summarized as follows: 

Kingdom Animalia 
Phylum Chordata 

Subphylum Vertebrata 
Class Mammalia 

Subclass Euihcria 
Order Carnivora 
Family Canidae 
Genus Canis 

Species farniliaris 

Thus the classification of plants and animals enables us to do two things: 
first, it makes it possible to give a definite and unequivocal name to each 
species, and second, by arranging these species in classes, orders, and fam¬ 
ilies, it makes possible a bird’s-eye view of the whole world of living things. 
To obtain this bird’s-eye view it is more important to know the main char¬ 
acteristics of the larger groups and to understand their relationships than 
to know the detailed classification of specific organisms, although examples 
are valuable for visualizing characteristics and relationships. 

An outline classification of the plant and animal kingdoms is given in 
the appendix. 



part II. Plant Life 




CHAPTER 6 

The Thallus Plants, 
Exclusive of the Bacteria 


The phylum Thallophyia is ihc sim[)lcst of the phyla of the vegetable 
kingdom. The body of these plants consists of a relatively undilferentiated 
mass of cells called a thallus, wliicli is without true roots, stem, or leaves. 
The phylum is divided into the two suhphyla. Algae and Fungi. The bacteria 
which constitute one of the classes of the Fungi are reserved lor a special 
chapter (Chapter 7). 


1. THE ALGAE 

The Algae arc primarily atjiiatic j>lants and live either in the sea, where 
the greatest number aiul variety of species occur, or in fresh water. The 
plant consists of a single cell or an aggregate of cells showing little if any 
diflcrentiation into tissues. There are a number of dilfcrent classes including 
the following, which are named according to the color of their chloroplasts: 
blue-green algae, green algae, brown algae, and red algae. The groups tliller, 
however, in .several respects l)esides color. Most attention will l)e paid here 
to the green algae which will be used to illustrate certain imjjortant biologi¬ 
cal principles. 


A. THE GREEN ALGAE 

The pond scums of which .Spirogyra, described in Chapter 2, is an ex¬ 
ample, arc green algae. 7'he green color of these algae is due to chlorophyll 
and another green pigment. Nearly all of the green algae arc a(|uaiic and 
live in fresh or salt water. Those which live in fresh water perform an im¬ 
portant function: by photosynthesis they reduce the carbon dioxide and 
increase the oxygen content of the water. Thus the stream, pond, or lake 
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in which they occur is made more fit for aquatic animals requiring oxygen. 
The green algae provide food for aquatic animals. These plants also throw 
light on a number of important biological problems, one of which is the 
evolution of many-celled plants; another is the evolution of sex. 


(1) THE EVOLUTION OF MULTICELLULAR PLANTS 

Some of the green algae consist of single cells and are among the simplest 
of living organisms. Evolution in one direction led to the formation of 




Section through leafy portion 



Section near stalk 


Fig. 6:1 Ulva, a green alga. Sections on the right by permission after Plant-Life on Land 
Considered in Some of Its Biological Aspects by F. O. Bower. Copyright 1911 by the University 
Press, Cambridge. 


filaments of cells as seen in Spirog)Ta and in Ulothrix and Oedogonium, 
two forms described in the next section. In another direction evolution 
led to the formation of a thin filmy thallus. In Ulva this thallus consists of 
two layers of cells, and some of the cells near the stalk where the plant is 
attached are slightly differentiated from the others (Fig. 6:1). 


(2) THE EVOLUTION OF SEX 

The evolution of sex, that is, the differentiation of the gametes into male 
gametes or sperms, and female gametes or eggs, seems to have gone on in¬ 
dependently of the evolution of a multicellular body. 

Ulothrix is an attached filamentous plant somewhat similar to Spirogyra. 
It reproduces asexually by means of motile spores (Fig. 6:2). Any cell of 
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the plant, with the exception of the holdfast cell, may form such spores. 
Preliminary to the formation of spores the entire protoplast of a cell shrinks 
within its cell wall and becomes rounded. The protoplast may then cither 
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Fig. 6:2 Life cycle of Ulothrix. On the left a filament attached to some stones. To tlic 
right above, sexual reproduction; below, asexual reproduction. Redrawn after Oltmanns. 

develop directly into a spore by forming four flagella at one end and near 
them a red eyespot, or it may first divide while still within its cell wall 
into two, four, or as many as eight smaller protoplasts which then develop 
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into spores, each with four flagella and an eyespot. The spores are with¬ 
out cell walls of their own and swim out of the old cell through an opening 
in its wall. .After swimming about for a time they attach themselves to some 
object by their flagellated ends and develop into filaments. 

In sexual reproduction the formation of gametes is similar to the forma¬ 
tion of spores. The gametes are, however, smaller and there are more of 
them, sixteen to sixty-four being formed from a single protoplast (Fig. 6:2). 
Each has an eyespot like a spore, but only two flagella instead of four. The 
gametes leave the old filament cell by an opening and swim about. They 



Fig. 6:3 Oedogonium, sexual reproduction. By permission after A Textbook of General 
Botany Jot Colleges and Universities by Richard M. Holman and Wilfred W. Robbins. 
Fourth Edition. Copyright 1939 by Richard M. Holman and Wilfred W. Robbins. Pub¬ 
lished by John Wiley & Sons, Inc. 

are all alike, there being no differentiation into male and female gametes. 
The gametes fuse together in pairs forming zygotes (Fig. 6:2) . Each zygote 
then forms a resistant cell wall. It is in this condition that the plant passes 
through the winter or other unfavorable season. When a zygote germinates 
it produces a number of motile spores similar to those already described 
which develop into new filaments. 

Oedogonium is another unbranched green alga which occurs in fresh¬ 
water ponds, sometimes attached and sometimes floating at the surface. 
There is considerable differentiation of the gametes, and sex is already well 
established. The filament, like that of Ulothrix and Spirogy'ra, consists of 
cylindrical cells arranged end to end. Asexual reproduction occurs by means 
of spores. In the sexual reproduction of Oedogonium the gametes are 
formed by special modified filament cells (Fig. 6:3). The cells in which 
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the male gametes arc formed, called antheridia, arise by rapid cell division 
and are much shorter than the ordinary filament cells. The protoplast 
within each of these cells either becomes transformed directly into a male 
gamete or sperm, or divides, giving rise to two sperms. The male gametes 
are similar to the spores, but smaller in size. Each female gamete or egg is 
formed by the enlargement of a special filament cell, called an oogonium, 
the protoplast of which after being filled with food materials becomes 
spherical. Fertilization is made possible by a pore in the side of the cell wall 
of the oogonium through which the sperm enters (Fig. 6:3). As in Ulothrix, 
the zygote of Oedogonium develops a resistant cell wall in which it tides 
over unfavorable conditions. When it germinates it forms by division four 
spores. 

6. THE OTHER ALGAE 

The blue-green algae are regarded by most botanists as a very simple 
group of plants related to the bacteria. Their cells arc without a distinct 
nucleus. The central portion of the protoplasm stains with the dyes tliat 
Slain chromatin but is not surrounded by a nuclear membrane. So far as is 
known their reproduction is only asexual. The blue-green algae are widely 
distributed in both fresh and salt water. At times they occur abundantly 
in lakes and reservoirs and their decay is one of the common causes of dis¬ 
agreeable odors and tastes in water supplies. A salt-water species is partly 
responsible for the color of the Red Sea. But the layman is more likely to 
have seen them on damp soil, where they often form a thin dark layer on 
the surface or on tlic rocks or stones bordering a stream. Some species of 
blue-green algae increase the fertility of the soil by taking nitrogen from 
the atmosphere and making it available to other plants. Although called 
blue-green, their color may be yellow, orange, pink, red, violet, purj)ie, 
brown, or black. 

Except for a few species all the known brown algae are marine. Most of 
the common seaweeds belong to this group. 'Fhcy are often abundant on 
rocky shores in fairly shallow water. Common types are the rockweeds and 
kelps. The former make the brown slippery carjjet familiar to most people 
who have walked along a rocky seashore at low tide. The kelps usually 
occur in somewhat deeper water, and the individual plants reach a much 
larger size, sometimes reaching ir>0 feet in length. Evolution in the brown 
algae has resulted in plants wtih a somewhat greater conijdexiiy of form 
than the blue-green or the green algae. 

The red algae are also mostly marine. They are always attached anti 
usually occur in somewhat deeper water than the brown algae. In one group 
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known as corallines the cell walls are impregnated with calcium carbonate, 
the material in limestone. They are especially abundant in tropical waters, 
where thev contribute to the formation of coral reefs. 

The brown and the red algae provide food for many marine animals. 
However, the “pastures of the sea” consist mainly of the unicellular plants 
called diatoms which form a separate class of the algae. These plants occur 
in enormous numbers floating near the surface in all of the great oceans. 
Being the most abundant plants in the open sea and capable of synthesiz¬ 
ing carbohydrates from carbon dioxide, they provide essential food material 
for all the other forms of marine life. 


2. THE FUNGI 

Tlie cells of fungi lack chlorophyll and so arc unable to synthesize the car¬ 
bohydrates needed as food. 'These they must obtain from other plants or 
animals cither by utilizing the products of their decay, when they are said 
to be saprophytes; by digesting and absorbing their living tissues, when 
they arc said to be parasites; or in relatively rare cases by extending some 
benefit in return for these materials, when they are said to be symbionts. 
It seems likely that the fungi evolved from the algae by adopting one or 
another of these modes of life. They arc a very large group of plants and 
only a few types can be considered in this chapter. The bacteria which 

constitute one of the classes of 
the fungi are the subject of a 
separate chapter (Chapter 7). 

A. THE BREAD MOLD 

Everyone has seen this com¬ 
mon mold, Rhizopus, on stale 
bread or decaying fruit. At 
first the mold appears as a gray 
fuzz on the surface of the bread 
on which it lives as a sapro¬ 
phyte; later, as the spores 
formed by it become darker 
and eventually almost black, 
the mold takes on this color 
(Fig. 6:4). The gray fuzz, which appears like a layer of finely teased out 
absorbent cotton, consists of numerous fine fdaments, which in the case of 
a fungus are called hyphae. To the mass of hyphae which makes up the 
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Fig. 6:4 The bread mold, Rhizopus nigricans. 
A diagram iliustraling its structure. 
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plant body of a fungus the term mycelium is applied. The mycelium of the 
bread mold is not divided into cells. The protoplasm takes the form of a 
continuous mass extending through the hyphae and contains numerous 
nuclei. Some of the hyphae grow down into the starchy substance of the 
bread, secreting as they go an enzyme which digests the starch. The mold 
spreads over the bread by sending out slightly larger hyphae called stolons. 





Fig. 6:5 Sexual reproduction in the bread mold Rlnzopus. A-C, fusion of gametes; 
D~E, formation of zygote; F, germination of zygote. By permission from A Textbook oj 
General Botany by Gilbert M. Smith, James B. Overton, Edward M. Gilbert, Rollin H. 
Denniston, George S. Bryan, and Charles E. Allen. Third Edition. Copyright 1935 by 
The Macmillan Company. 

'vhich grow over the surface (Fig. 6:4) . Where the stolons touch the bread, 
they branch and give rise to hyphae, some of which dip down into the 
substance of the bread while others grow upward. 

Asexual reproduction occurs when the mold becomes black. On the tips 
of the erect hyphae, which grow up from the stolons of the bread mold, 
found bodies called sporangia develop. A sporangium is a structure in which 
spores are formed. In a sporangium of the bread mold an outer or peripheral 
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portion is separated from an inner portion by a partition. The protoplasm 
ol the inner portion is continuous with that of the hypha. The protoplasm 
of the peripheral portion of the young sporangium divides and forms 
spores. The spores of the bread mold, like the hyphae from which they 
arise, consist of masses of protoplasm in which there are usually several 
nuclei, the whole l)eing surrounded by a resistant w’all. ^Vhen the process 
of spore formation is completed, tlie outer wall of the sporangium bursts 
open and the spores are liberated. When a spore arrives in a suitable en¬ 
vironment it germinates, sending out a hypha which develops into a mold. 
The very special conditions, that is, the moist surface of bread or decay¬ 
ing fruit retjuired by the bread mold for its development, necessitate the 
production of reproductive bodies which will become widely distributed. 
The minute spores remain suspended in the air for long periods of time 
and are easily blown from one surface to another. Thus they attain such a 
wide distribution that they arc usually present wherever bread or fruit is 
exposed. 

Sexual reproduction occurs more rarely. Short club-shaped lateral 
branches grow out from the sides of the hyphae (Fig. 6:5). AVhen the 
lateral branches from two hyphae of different plants meet, a gamete is 
separated off at the end of each. The gametes then fuse to form zygotes. 
Each zygote then develops a thick resistant cell wall and may remain 
dormant for a time, after which, if conditions arc favorable, it germinates 
and develops into a new plant. 

Somewhat like the bread mold is the mold Penicillium, famous as the 
source of the marvel-working drug penicillin. For the production of peni¬ 
cillin the mold is cultivated artificially, and penicillin, which is a by¬ 
product of its metabolism, is extracted from the culture medium. However, 
penicillin can now be synthesized in a pure crystalline form, and this will 
probably replace that obtained from the mold. Other molds have been 
found to yield substances of great value in the treatment of certain diseases. 


B. A MUSHROOM 

The common toadstool or visible part of a mushroom is an outgrowth 
from a mycelium which grows saprophytically on decaying vegetable or 
animal matter at the surface or just below the surface of the ground (Fig. 
6:6 A). A single mycelium may cover a considerable area and give rise to 
a group of toadstools. The toadstools or mushrooms are really reproduc¬ 
tive bodies. This is perhaps why they grow so rapidly and give rise to a 
“mushroom growth.” The toadstool itself is made up of a mass of inter¬ 
lacing hyphae. The hyphae of mushrooms, unlike those of the bread mold. 
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are divided by cross walls. A toadstool consists of a stalk which is ex¬ 
panded at the top into an umbrella-shaped cap. On the under side of the 
cap many thin plates hang down (Fig. 6: 6 B). These thin plates or gills 
are attached to the under side of the cap along lines which radiate from the 
stalk to the periphery. The surface of the gills is given o\ er to the forma¬ 
tion of spores. Here the ends of some of the hyphac develop spores on 



B 

Fig.6s6 A mushroom, Agaricus campcsiris. A: On the left, an immature fruiting body; 
in the center, a fruiting body approaching maturity; on the right, a longitudinal section 
of a fruiting Ijody similar to that on the left. B: Section of the cap showing gills. C: Part 
of one side of the gills in A enlarged to show the formation of spores. 

short stalks in groups of four (Fig. 6: 6 C). When ripe the spores are shed. 
Under suitable conditions they develop into mycclia which give rise to 
new mycelia which in time form more mushrooms. 

What corresponds to fertilization in the mushroom is hidden in nuclear 
changes which occur preceding the formation of the spores. A single mush¬ 
room may produce millions of minute spores. These spores are distributed 
the wind. A large number of spores is necessary in order that some may 




76 THE THALLUS PLANTS, EXCLUSIVE OF THE BACTERIA Ch. 6 

have a chance to reach the conditions required for the development of a 
mycelium. 

The mushroom described, Agaricus, belongs to a group which includes 
the gill fungi, so called because the spores are borne on gill-like filaments, 
and the pore fungi, in which the spore-bearing surface lines the cavities of 
numerous pores opening on the under side. Most of the pore fungi occur 
on the trunks of trees, where they form shelfiike projections and are called 
shelf fungi, although in a few the fruiting body takes the form of a toad¬ 
stool. In puffl)alls the spore-bearing cells are completely enclosed in the 
“ball” and the spores are freed either through a hole in the top or by 
decay of the entire fruiting body. 


C. YEAST 

Another fungus of considerable interest and great economic value is 
yeast. On account of its mode of life, yeast is frequently thought of as re- 
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Fig. 6:7 Yeast. A, single cell; B—C, formation of a bud; D, the buds have remained 
attached to the parent cell and have themselves formed buds; E, spore formation. By 
permission after A Textbook oj General Botany by Gilbert M. Smith, James B. Overton, 
Edward M. Gilbert, Rollin H. Denniston, George S. Bryan, and CharlesE. Allen. Third 
Edition. Copyright 1935 by The Macmillan Company. 


lated to the bacteria. However, it can be shown to be a degenerate form of 
a rather widely distributed and often highly organized group of fungi. As 
seen in solutions containing sugar, on which it thrives, it consists of single 
cells or small groups of cells (Fig. 6:7). The cells are either spherical or 
egg-shaped, and each is surrounded by a well-defined cell wall. One or 
more vacuoles can be seen in the cytoplasm. Small globules and irregular 
granules of reserve food materials are also recognizable. The nucleus can¬ 
not be seen by ordinary methods in the living cell, but its presence can be 
demonstrated by special staining methods. 
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Reproduction is by cell division, but the process is somewhat different 

rom t at in the plant cells already encountered. When a yeast cell is about 
to divide, a portion of the cell wall is pushed out forming a small projec¬ 
tion or bud. This gi-adually increases in size and the nucleus divides into 
two portions forming two daughter nuclei, one of w'hich moves out into the 
bud. In budding the parent individual divides unequally so as to give rise 
to a smaller daughter individual. In the case of yeast in active growth, the 
buds may remain attached to the parent cell and themselves give rise to 
smaller buds, so that branched irregular chains of cells are formed which. 

owever, soon break up into separate cells. Another method of reproduc¬ 
tion is by the formation of spores. 

Probably the most important feature of yeast from a biological point of 
view is the way in which it produces fermentation. Sugar passes into the 
cytoplasm of the yeast cell through the plasma membrane and is there con¬ 
verted into alcohol and carbon dioxide. The alcohol and carbon dioxide 
pass out of the protoplast into the surrounding liquid. The yeast, which 
lacks chlorophyll, obtains the energy to carry on its vital activities by break- 
ing up sugar into alcohol and carbon dioxide. It was at first thought that 
a single enzyme was responsible for the reaction. It has now been shown 
that fermentation is due to a number of enzymes acting in concert. It is 
interesting to note that our knowledge of enzymes and of many of the 
processes which go on in living cells in health and disease had its beginning 
in the study by Pasteur of the fermentation produced by yeast and other 

organisms. 


0. OTHER FUNGI 

Many species of fungi are parasitic on other plants and organisms. In 
this case the hyphae grow into the tissues of the plant on which they live, 
called the host^ and absorb nourishment from it. Some fungus parasites are 
of great economic importance because of the destruction which they cause 
to crop plants. Such a one is the wheat rust, which attacks the wheat plant. 
Similar rusts attack oats, barley, and rye. Other species of fungi are im¬ 
portant because they destroy fruit and other food materials in storage. 


3- THE LICHENS 

The lichens (Fig. 6:8) are an interesting gioiip of plants which are partly 
Algae and partly Fungi. What appears to be the lichen plant really con¬ 
sists of two plants: a simple alga and a fungus, the hyphae of which twine 
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round and enclose ilie algae (Fig. 6:8) . The relationship between the alga 
and the lungus is one ol sytnbiosis. I he alga is protected, held in place, and 
in some cases supplied with water by the fungus, while the fungus in turn 



Fig. 6:8 .‘\ lichen, Parmclia. On the left, a general view. On the right, a cross section 

of the thallus showing the filamentous cells of the hyphae ol the fungus and the spherical 
cells of the alga. By permission from A Ttxtbook of General Botany by Gilbert M. Smith, 
James B. Overton, Edward M. Gilbert, Rollin H. Denniston, George S. Bryan, and 
Charles E. Allen. Third Edition. Copyright 1935 by The Macmillan Company. 

receives from the alga the organic materials which it is unable to manu¬ 
facture itself. The thallus of the lichen is, however, a very different struc¬ 
ture from that of the alga alone or the fungus alone. 




CHAPTER 7 

The Bocferia 



Bacteria are all simple minute organisms. They are classified as plants, 
although it must be admitted that among the lower organisms it is diffi¬ 
cult to make a sharp distinction between the vegetable and animal king¬ 
doms. Among plant characteristics of bacteria may l>e mentioned the more 
01 less fixed and rigid shape of their cells, the tendency to grow in filaments, 
and the ability of some to exist on inorganic food materials. 

Some of these organisms may well be considered among man’s best 
friends, a few are his worst enemies, while many form an essential part of 
the vegetation of the earth. I'he study of bacteria forms the subject of a 
special science called bacteriology. It is possible here to touch on only the 
more general aspects of the subject. 

1. STRUCTURE 

When seen in a drop of water under the microscope, bacteria appear as 
very minute transparent spheres called cocci (singular, coccus); rods, called 
bacilli (singular, bacillus) ; spirals, called spirilla (singular, spirillum) ; 
Of as long fine filaments of cells either branched or unbranched (Fig. 7:1). 
Without very special techni<|ue it is impossible to distinguish a cell wall 
Of any structural differentiation within the cells. Even when stained and 
specially prepared for study, the entire cell may appear uniform in color. 
Bacteria appear to lack the definite nucleus, bounded by a nuclear mem¬ 
brane, which is characteristic of nearly all plant and animal cells. The 
place of the nucleus is taken by chromatin granules dispersed in the proto¬ 
plasm. In certain species the cell is surrounded by a well-developed gelati¬ 
nous envelope which usually fails to take up any color when the cell is 
stained. Some bacteria move about untler their own power. The move¬ 
ment is caused by extremely fine hairlike processes called flagella. There 
may be a single flagellum attached to one end of the cell, two or more at 
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one end or both ends, or they may be distributed over the cell. Although the 
movement which they produce is readily visible, the flagella themselves are 
invisible except by the use of special techniques. 

Bacteria multiply by cell division. In the case of cocci, after division the 
cells may adhere together in pairs, when the organism is called a Diplococ- 
cus; in irregular groups, when it is called a Staphylococcus; in chainlike 



Fig. 7:1 Forms of Bacteria. A, cocci; B, staphylococci; C, diplococci; D, streptococci; 
E, F, groups of cocci; G, H, bacilli, various forms; 1, spirilla, various forms; J, abnormal 
forms. By permission from A Textbook of Bacteriology by Kenneth L. Burdon. Copyright 
1932 by The Macmillan Company. 

filaments, when it is called a Streptococcus; or in cubes. Bacilli may adhere 
in pairs or in chains. Spirilla usually occur as single cells. 

Certain species of bacilli are able to form resistant spores when conditions 
become unfavorable for their growth. This process consists of a condensa¬ 
tion of the cell contents into a spherical or ovoid body with a thick wall, 
each bacillus being converted into a single spore. Such spores are resistant 
to drying, heat, and chemicals. 


2. CULTIVATION 

In studying bacteria it is usually not enough simply to examine a small 
quantity of soil or water or mucus under the microscope. A special tech¬ 
nique is necessary to discover the conditions under which the species grows 
and the effects which it produces. 

Suppose, for example, it is desired to study some of the species of bacteria 
which live in the water in a particular well. The first thing to be done is 
to obtain a sample of the water uncontaminated with bacteria from other 



Art. 2 CULTIVATION qj 

sources. This can be done by taking the sample in a stoppered bottle which 
has been previously sterilized. The stoppered bottle is sterilized by heating 
it in an oven to a temperance of 170® centigrade for an hour. This kills 
all bacteria which may be present. 

The next step is to grow or cultivate the organisms without contamina¬ 
tion. For this purpose a sterile culture medium is used which varies with 
the type of organism being studied. In water analysis 
cultures are usually made on nutrient agar^ or gelatin, 
containing beef extract and peptone. This medium is 
liquid when heated but solidifies to a stiff jelly when 
cooled. The culture medium is placed in a flask or test 
tube closed with a stopper of nonabsorbent cotton and 
sterilized in an autoclave (Fig. 7:2). This apparatus 
is very similar to the household steam sterilizers used 
in the canning of fruits. In such an apparatus, on ac¬ 
count of the pressure generated, the temperature of 
the culture medium can be raised considerably above 
that at which it would boil at atmospheric pressure. 

A pressure of fifteen to twenty pounds per square inch, 
which corresponds to a temperature of 121® to 12G® 
centigrade, is usually used and maintained for a period 
of twenty minutes to half an hour. The nonabsorbent pjg 7.2 
cotton stoppers serve to exclude bacteria while at the clave such as is used 
same time admitting an interchange of gases and sterilizing culture 

maintaining an equal pressure inside and outside the By permission 

flask or test tube. While still hot the nutrient agar or from Bacteriology Jot 
gelatin is poured into sterilized flat glass dishes with Sf^dents in General and 

covers called Petri dishes. There, on cooling, the nu- ^uchlnan 

trient agar forms a transparent layer on the bottom and Robert Earle 
of the dish, which can be examined with a magnify- Buchanan. Revised 

ing glass or even the low power of the compound The^MJcmul 

microscope. 

The bacteria in the water sample must now be trans¬ 
ferred to the nutrient agar or gelatin in the Petri dishes. A small quantity of 
the water is taken from the bottle in a sterile pipette and distributed over 
the agar. Usually a number of different Petri dishes are used and different 
quantities of water taken from the sample for each dish. If the object is to 
examine the water for the possible presence of pathogenic organisms, the 
Petri dishes are placed in an incubator which is customarily kept at 37 ® 
centigrade (98.6® F.), the temperature of the human body, for about two 

substance obtained from a seaweed which forms a stiff jelly. 



Ian Company. 
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then gives the number per cubic centimeter in the sample. If it is now- 
desired to study the bacteria of one of the colonies in further detail, a pure 
culture, that is, one containing only 
a single species of bacterium may 
be obtained by transferring a few* 
bacteria from one of the colonies on 
the tip of a sterilized needle to 
another Petri dish or test tube con¬ 
taining fresh sterile culture me¬ 
dium, taking precautions to pre¬ 
vent contamination (Fig. 7:5). I'he 
culture so obtained woukl be called 
a pure culture if the bacteria which 
it contained all belonged to the 
same species. 

Similar methods are applied to 
the study of bacteria in milk, soil, 

sewage, and so on, modified in eatli agar plan-. 

, . , . , - , . , Magnified X 20. By permission from Bacteria 

case to suit the material from which ology Jut Sfudrnts in Crneral and Household 

the sample is to be taken and the Science by Fsielle D. Buchanan and Robert 


kinds of bacteria which are to be 
studied. 


Earle Buchanan. Revised Edition. Copyright 
1922 by 'The Macmillan Company. 



Fig. 7:5 Subculturing bacteria to isolate desired strains. Transfer of a bacterial colony 

from a Petri dish to a lest tube containing sterile culture medium. PhotovraDh bv the 
Parkc-Davis Company. & e j- 
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3. CHEMICAL ACTIVITIES 

By using a culture medium of known chemical composition and culti¬ 
vating in it bacteria of a single species it is possible to investigate the 
chemical changes which the bacteria bring about in a culture medium. Like 
all living things, bacteria respire, that is, oxidize food materials to obtain 
energy. Bacteria which use the free oxygen of the atmosphere or oxygen 
dissolved in their liquid environment are called aerobes. On the other hand 
there are many species of bacteria which do not require free oxygen and 
are able to obtain oxygen for their respiration from oxygen compounds. 
This occurs in the case of bacteria (and also yeasts which belong to a 
different group of the fungi) which decompose glucose to form alcohol 
and carbon dioxide. 

CeHisOe —2 C 2 H..OH + 2 CO 2 

glucose ethyl alcohol 

The amount of energy available from this type of respiration is much less 
than when free oxygen is used. This is because the glucose molecule is not 
completely oxidized and much of the energy stored in it remains in the 
alcohol. Organisms which do not require free oxygen for their respiration 
but can nevertheless exist in the presence of free oxygen and utilize it for 
their respiration are called facultative anaerobes. There are a few organisms 
which not only do not require free oxygen but are actually poisoned by it 
so that they will grow only in the absence of free oxygen. Such organisms 
are called anaerobes. 

Bacteria are frequently active in breaking down organic compounds. Two 
terms have been used in describing their action, fermentation and putre¬ 
faction. Fermentation may be defined as the decomposition of carbohydrates 
by living cells. A typical case is that of the fermentation of sugar. Carbon 
dioxide and water are formed and the carbon dioxide is evolved as a gas. 
The reaction may be represented as 

CeHi’Oo + 6 O 2 ->- 6 GO 2 H- 6 H 2 O 

The word fermentation comes from a Latin word meaning to boil and 
refers to the bubbling due to the carbon dioxide given off. 

Putrefaction is the decomposition of proteins and the products of pro¬ 
tein breakdown. The earlier stages in the putrefaction of proteins usually 
take place in the absence of oxygen, and when they are due to bacteria, 
the bacteria are usually anaerobes. Some of the products of the breakdown 
have foul odors and give rise to the bad smells usually present during the 
early stages of putrefaction. The later stages usually require oxygen, and 
when caused by bacteria, the bacteria are usually aerobic. Some of the 
j^roducts of the decomposition of proteins are poisonous. Among them are 
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the substances called ptomaines. However, so-called “ptomaine poisoning” 
or acute indigestion from eating putrefied lood is usually due not to the 
ptomaines but to bacteria taken into the intestine with them. 

Most pathogenic bacteria produce poisonous substances called toxins. 
Some species, for example the bacillus which causes diphtheria and the 
streptococcus which causes scarlet fever, excrete the toxin from their cell 
bodies. In other species, for example the bacillus which causes typhoid 
fever, the toxin is not released until after the death of the bacteria. 


4. BACTERIA IN THE SOIL 

One of the most important activities of bacteria is making nitrogen 
available for other plants. Although nitrogen is the most abundant gas in 
the atmosphere and is found in combina¬ 
tion in a large number of substances in 
nature, comparatively little nitrogen is 
available in the soil for plant growth, 
and it would soon be exhausted if it 
were not replenished. Nitrogen is re¬ 
turned to the soil mainly by the decay 
and decomposition of the bodies of plants 
and animals. Decay and decomposition 
are brought about by many dilfereni 
kinds of bacteria and fungi. In most cases 
the decay leads eventually to the forma¬ 
tion of ammonium compounds. A few 
plants including many of the common 
cereals can use ammonium compounds 
as a source of nitrogen, but most green 
plants require nitrates. For these latter 
plants the nitrogen is made available by 
nitrifying bacteria, which form nitrates 
from the ammonium compounds. Nitro¬ 
gen is also added to the soil by bacteria, 
called nitrogen-fixing bacteria, which are 
able to take nitrogen from the atmos¬ 
phere and bring it into combination. 

Nitrogen-fixing bacteria occur free in 
the soil and in association with higher 

plants. The latter live in small nodules or tubercles in the roots of such 
plants as the clover, pea, and bean (Fig. 7:0). I'hesc bacteria enter into 
partnership with the plant, giving it nitrogen compounds and receiving 



Fig. 7:6 Roots of a plant of the 
scarlet runner bean showing tubercles 
which contain symbiotic nitrogen- 
fixing bacteria. By permission from 
A Textbook oj Getural Botany Jot Colleges 
and Universities by Richard M. Hol¬ 
man and Wilfred W. Robbins. Fourth 
Edition. Copyright 1939 by Richard 
M. Holman and Wilfred W. Robbins. 
Published by John Wiley & Sons, Inc. 



86 


THE BACTERIA Ch. 7 


ii) iciurn food materials. 7'hc association is an excellent example 

of symbiosis. Siuli plants add nitrogen coinpounds to the soil and so are 
oitcii grown ami “plowed in” on laiul that has been depleted of its nitro¬ 
gen by other plants. 'I his practice has long been carried on by farmers as 
a step in the “rotation of crops.” 

1 here may be present in the soil tlie spores of parasitic species which are 
iiKapablc ol developing there. I liesc include the spores of the bacteria 
that (anse tetanus (lockjaw) and gas gangrene of wounds (prevalent in 
the f irst W orld W ar). I'he spores ol a bacterium which gives rise to the 
food poisoning known as botulism also occur in the soil. 


5. BACTERIA IN WATER 


A drop of rain water starling from a cloud high above the surface of the 
earth may be in the beginning free from bacteria. As it drops through the 



Fig. 7:7 Bacterium coli. By permission 
from Bacteriology Jor Students in General and 
Household Science by Rsicllc D. Buchanan and 
Rolx'rt Earle Buchanan. Revised Edition. 
Copyright 1922 by The Macmillan Company. 

perform a useful service similar to that 
soil, causing decay and reducing higher 


atmosphere it is likely to collect 
dust and the spores of bacteria 
and become no longer sterile. Bac¬ 
teria arc unable to grow and mul¬ 
tiply in chemically pure water, 
stub as that obtained by careful 
distillation, but they may stirvive 
there for a time. Bacteria become 
abundant in water only when it 
contains decaying or decayed or¬ 
ganic material. Such material is 
added to water as it Hows through 
or over the soil. The purity of a 
mountain stream is proverbial, 
while the contamination of a 
muddy river is taken for granted. 
Many sj)ccics of bacteria have 
their natural home in the water of 
])onds. rivers, and lakes. Here they 
performed by the bacteria of the 
organic materials to simpler sub¬ 


stances available for plant and animal life. 

On account of the necessity of water as a food for man and animals and 
the fact that sewage may and often does find its way into most bodies of 
W'aiei, great importance is attached to the relation between sewage and 
sources of water supply. 'I he intestines of most animals, and man is no ex- 
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ception, harbor vast numbers of bacteria. Indeed, the feces of some animals 
aie composed almost entirely of bacteria. Many of these forms are useful 
in helping to break down and digest materials in the digestive tract, others 
may cause disease. Chief among the diseases caused by intestinal bacteria 
and transmitted through drinking water are cholera, typhoid fever, and 
many forms of dysentery. 

The usual method of disposing of the wastes from the kitchen and bath¬ 
room is to pass them into some near-by body of water. If this body of water 



Fig. 7:8 A modern sewage disposal plant. Photograph hy J. \V. Mavor. 


is also the source of the kitchen supply an excellent path for infection is 
laid down. The method by which a sample of water may be tested for its 
bacterial content has already been outlined in a previous section, 1 he object 
of the bacteriological analysis of water is to guard against water-borne in¬ 
fectious diseases. Although the bacteria which cause cholera, typhoid fever, 
and certain kinds of dysentery are well known and can be obtained in pure 
cultures, and although there is abiintlam evidence from other sources that 
the contamination of water, milk, or oysters with these bacteria may cause 
cpidctiiic.s, it has usually j)roved extremely tlilficult or impossible to isolate 
the bacteria from the water supply. The bacteriologist is, therefore, usually 
content with a search for evidemes of coniainination with other and more 
abundant intestinal bacteria, usually the colon bacillus (Pig. 7:7), the 
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presence of wl\ich enables him to report a contamination with sewage. 

Modern methods of sewage disposal utilize bacteria to promote decay 
and ultimatclv purify the water. The sewage disposal plants of most of 
our large cities are in reality bacteriological gardens where the bacteria of 
decay are cultivated on a large scale. After the coarser, insoluble materials 
(sticks, china, bones, and so on) have been removed by passage through a 
strainer, the sewage arrives in large sedimentation tanks where the bac¬ 
teria of decay begin their work and the solid matter sinks to the bottom 
forming sludge. So far arrohic hactrria, which grow best in the presence of 
oxygen, have been encouraged. Now other bacteria are called into play. 
From the surface of the sedimentation tank the water may pass to septic 
tanks from which air is excluded to give the nnaerobic bacteria, which 
nourish in the absence of oxygen, full play. Then it may be squirted through 
the air on to filter beds composed of small pieces of stone coated with 
slime, where aerobic bacteria in the presence of oxygen reduce the re¬ 
maining organic matter to ammonia or ammonium salts (Fig. 7:8). After 
this thorough and lengthy process the water may be free from injurious 
bacteria. However, if it is to pass into a source of water supply it is usually 
chlorinated, that is, treated with gaseous or liquid chlorine. 

6. THE PRESERVATION OF FOOD 

The preservation of food materials is largely a problem of preventing the 
growth in them of bacteria or other organisms of decay (yeasts and molds). 
The methods in use may be classified in three groups: first, those in which 
the organisms of decay are killed by heat and the access of more organisms 
prevented; second, those in which the growth of such organisms as may be 
present is prevented or much retarded by cold; and third, those in which 
chemical substances are added to retard the growth of or kill the bacteria. 

The first method involves the sterilization of the material and its storage 
in sterile, air-tight, or at least dust-tight containers. Food which is not in¬ 
jured by heat may be preserved by heating it in a sealed container until all 
microorganisms are killed. This is the method used in canning factories, 
where the sealed can is heated to 110® to 120® centigrade for twenty to thirty 
minutes or longer, depending on the size of the can. Canned food may go bad 
either through defective sealing of the can, which allows access of organisms, 
or through the heating being insufficient to kill organisms which may have 
been present in the can before it was sealed. Many of the bacteria which 
cause the fermentation of canned foods give off gas which may accumulate 
in sufficient quantity to bulge or even burst the can. The development of 
such organisms in a can renders the food which it contains unfit for con- 
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sumption. Where heating to the temperature of boiling water or higher 
makes the material unpalatable or otherwise less suitable for food, pas- 
teurization (named after Louis Pasteur) may be used. The exact pro¬ 
cedure in pasteurization depends on the material to be pasteurized and 
the organisms to be guarded against. Milk may be pasteurized by heating in 
a closed vessel to a temperature of 60° to 70“ centigrade for twenty to 
thirty minutes or a temperature of 80“ to 85“ centigrade for one minute. 
This treatment is effective in killing bacteria which do not form spores. 

In the second method growth may be prevented or greatly reduced by 
a low temperature. In the preservation of food by cold storage, the micro¬ 
organisms are not killed but simply inhibited from developing, owing to 
the temperature. When returned to room temperature food preserved in 
this way tends to decay even more rapidly than fresh food. A temperature 
near the freezing point is necessary to preserve most foods for any length 
of time. Even at such temperatures many animal foods including meats, 
eggs, and fish undergo a slow process of decay; for this reason meats and 
fish are often frozen. 

In the third method preservative substances are added. Some of these 
substances arc quite harmless such as sugar and salt which act by increasing 
the osmotic pressure and killing the cells of the decay organism. The use of 
poisons in preserving foods is not to be recommended as they may exercise 
the same harmful effect on the organism eating the food as they do on the 
decay organism. In certain cases the products of fermentation prevent 
further bacterial or other growth and are nevertheless not injurious when 

taken into the digestive tract. This is the case with sauerkraut and dill 
pickles. 

PtoMaines are produced by certain microorganisms when growing in the 
absence of oxygen. Some are highly poisonous. While ptomaines may be 
produced in contaminated canned food where the conditions arc often 
favorable for the growth of the microorganisms which produce them, it is 
generally agreed that most cases of so-called ptomaine poisoning are due 
either to infection with pathogenic bacteria or to bacterial poisons (toxins). 

7. BACTERIA IN INDUSTRY 

In industry bacteria have two very different and important roles which 
may be likened to those of the hero and the villain in a play. The role of 
the villain has already been described in the precautions necessary to pre¬ 
serve food; the role of hero is played in the manufacture of food substances 
and other useful materials. 

Comparatively few species of bacteria arc capable of producing alcoholic 
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fermentation and none arc of economic importance in this respect. In mak¬ 
ing beers, wines, and other alcoholic beverages yeasts are used. Bacteria 
are, however, of importance in causing the spoiling of wines. This can be 
prevented by the pasteurization of the grape juice or other material to be 
fermented. 

A number of different bacteria are used in making vinegar from c^der, 
wines, and certain other alcoholic solutions. The bacteria grow in a film 
on the surface of the litjuid and are active only in the presence of oxygen. 
By their action the alcohol is oxidized to form acetic acid, which is the 
main constituent of vinegar. Bacteria are used also in the fermentation of 
corn starch to produce butvl alcohol and acetone, organic solvents having 
many important uses in industry. 


8. BACTERIA AND DISEASE 

A. BACTERIA AS A CAUSE OF DISEASE 

The bodies of most animals, and the human body is no exception, con¬ 
tain numerous microorganisms. Some of these, expecially those of the in¬ 
testine, seem to be desirable or even necessary. Others may, on occasion, 
cause disease but are usually harmless. Still others, when present in suf¬ 
ficient numbers, nearly always cause disease. Bacteria which actually cause 
disease do so in one of three ways: by breaking down or splitimg protein 
molecules and producing substances injurious to the body; by secreting 
poisons or exotoxins; and by forming within their protoplasm certain 
poisons or endotoxins which pass into the body of the host when the micro¬ 
organisms die. In giving rise to a disease the bacteria may remain restricted 
to a certain part of the body as the throat in diphtheria, or they may get 
into the blood stream and become generally distributed in the body as 
in the case of typhoid fever. In certain cases there may be a focus of infec¬ 
tion in which bacteria persist and from which they may from time to time 
become distributed over the body. Frequent foci of infection are decayed 
teeth, diseased tonsils, and infected sinuses. Most diseases are specific and 
are caused by a particular species of organism; others, like pus in a wound, 
may be caused by any one or more of a group of organisms. 

B. TRANSMISSION OF INFECTIOUS DISEASES 

Each species of parasite usually has its own way of entering the body 
of its host. The evidence available shows that the intact skin is an impas¬ 
sable barrier to bacteria. Infection by bacteria through the skin is possible 
only when a cut. abrasion or other interruption of its continuity exposes the 


Art. 8 BACTERIA AND DISEASE py 

underlying tissues. Common places of entry are the mucous membrane of 
me nose, throat, and windpipe and tlic respiratory epithelium of the lungs. 
Here may enter the organisms of diphtheria, scarlet fescr, meningitis, 
tuberculosis, and probably also measles, smallpox, and infantile paralysis. 
The wall of the digestive tract oilers another common place of entry. The 
bacteria of typhoid fever, dysentery, and cholera enter here. The micro¬ 
organisms causing hydrophobia, tetanus (lockjaw), and gas gangrene 
usually enter the tissues through a wound or scratch. Of all these places 

of entrance, that involving the respiratory tract is the most difficult to 
guard. 

It is also important to know how pathogenic organisms leave the body. 
Many leave by the door at which they entered. Thus those which enter by 
the skin often leave by the same path when boils and sores open. Those 
which enter by the nose and throat leave in the mucus and other secretions 

coughed up or sneezed out. Those which enter by the intestinal tract 
leave in the feces. 

Most parasitic organisms can grow only in those tissues to which they are 
adapted. Thus the bacillus of diphtheria will grow on the mucous mem¬ 
brane of the back of the throat but not in the blood. The spirillum of 
cholera will grow in the mucous membrane of the intestine but not in the 
throat or blood. The bacillus of tetanus can grow in a wound but not on 
the intestinal mucous membrane or in the blood. 

Fortunately in most cases the bacteria which cause human diseases are 
un/tble to grow and multiply outside the human body except under spe¬ 
cial conditions, conditions which are usually found only in the special 
methods of culture used in bacteriological laboratories. Thus the tetanus 
bacillus which causes lockjaw will grow only in the absence of oxygen, the 
influenza bacillus requires the presence of hemoglobin. However, some 
pathogenic bacteria arc known to develop under exceptional circumstances 
in milk, and the typhoid bacillus and the cholera spirillum may multiply 
under certain conditions in water. 

Bacteria may be transferred in a variety of ways from one host to an¬ 
other, causing the spread of the disease. Objects such as books, money, 
postage stamps, and letters which are passed from person to person may 
carry bacteria, but it is now generally recognized that their role has been 
much overemphasized. Dishes and bathroom appliances constitute a much 
greater risk. Hot water alone is not effective in killing bacteria. Soap is also 
necessary. Laundries have been shown to be a possible source of infection 
especially when soiled clothes are collected and clean clothes delivered from 
the same truck. At one time air was thought to play an important role in 
the spread of disease. Modern experimental work has tended to negative 
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this. “Eniincni stiidcnts of pul)lic health have stated that there is no basis 
for the belief that those living about a hospital are more liable to have 
communicable disease.’’ ^ 

Contact between diseased and healthy persons is the most direct and 
usual method of spreading disease. The term “contact” is here used to in¬ 
clude any direct iransfei of infective material such as may occur when a 
recently used handkerchief is passed from one person to another, or a 
person coughs so as to scatter material onto another person. Many diseases 
are transmitted by insects—some diseases, for example, yellow fever, only 
by insects. Many diilerent kinds of bacteria are carried about by flies. 
Other diseases are transferred directly from higher animals to man, for 
instance, hydrophobia or rabies. Various articles of food, such as water, 
milk, fresh vegetables, and so on, may carry disease-producing bacteria 
and be a source of infection. 

Certain people may carry the germs of a disease without showing any 
of the symptoms of the disease. This may happen before they “come down” 
with the disease or after they have recovered. There are, however, certain 
people who may be immune to a disease, but may nevertheless harbor the 
germs of the disease; these are the most dangerous kind and are called 
carriers. 

C. RESISTANCE AND IMMUNITY 

The introduction of a foreign protein, that is, a protein not nonnally 
present, into the tissues of an animal or plant may produce harmful results. 
In most cases, however, the harm is prevented by the production by the 
animal or plant of substances called antiOodies. The antibodies nullify the 
effect of the foreign protein by combining with it to form some harmless 
substance, or by causing its disintegration or precipitation. For example, 
if a solution of white of egg (albumin) is injected under the skin, a sub¬ 
stance is developed by the body which precipitates the white of egg. The 
foreign substance and the antibody are usually specifically related, that is, 
a given foreign substance stimulates the formation of a particular antibody, 
and a given antibody acts to counteract a particular foreign substance. The 
toxins, already mentioned as formed by bacteria and in large measure the 
cause of their injurious effects, act as foreign substances and in many cases 
cause the formation of antibodies. 

The body responds to bacterial invasion in two ways. (1) Certain of the 
white blood corpuscles and certain cells lining the body cavity have the 
power to surround, absorb, and digest bacteria, and for this reason are 
called phagocytes. (2) In response to the presence of the extracellular and 

* Tanner, F. ^V.. Bacleriology, John Wiley & Sons, New ^ork. 1937. p. 378. 
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endocelhilar products of the bacteria, the body produces antibodies, which 
nullify or otherwise interfere with the activities of the bacteria. 

It is coninion knowledge that when a number of people are exposed to 
infection, some show much more resistance than otliers. Such people are 
said to be immune and the resistance which their bodies offer to infection 
is called imnninity. Immunity may be either natural or acquired. Natural 
immunity is something a person is born with. For example, it is known 
that individuals of the white races are in general more resistant to tubercu¬ 
losis than the Negro; while on the other hand, the Negro is more resistant 
to malaria than the white man. In an epidemic some individuals even if 
exposed escape. Acquired immunity is immunity acquired during one's life¬ 
time. There are several ways in which immunity may be acquired, one of 
which is a previous attack of the disease. Another way is by having tlie 
disease in a very mild form. This is the principle of vaccination for small¬ 
pox. The person who is vaccinated and in whom the vaccination has 
“taken” gets a mild attack of smallpox which appears only as a small pustule 
or pimple at the place of inoculation. This gives him an acquired immunity 
which may last for a number of years. If the vaccination does not “take,” 
that is, if the pustule does not appear, the person possesses a natural im¬ 
munity to smallpox. 

Immunity which is acquired by a previous attack of tlie disease is due to 
the fact that the body continues to produce antibodies after recovery from 
the disease. This kind of acquired immunity is called actix/e immunity. A 
person may be made immune to a disease by injecting into him the serum 
or plasma of an animal which has been made actively immune to the same 
disease. The immunity so acquired, which is often very effective but of 
short duration, is called passwe immunity. 

Acquired immunity can be obtained to the following diseases: diphtheria, 
tetanus (lockjaw), rabies (hydrophobia) epidemic meningitis, typhoid 
fever, scarlet fever, smallpox, plague, cholera, measles, and probably whoop¬ 
ing cough and chicken pox. 

All factors, such as proper diet, exercise, fresh air, and so on, which con- 
tribute to maintaining the body in a healthy condition, also increase its re¬ 
sistance to bacteria, and in many cases attention to these factors is the only 
known preventive. 

9. FILTERABLE VIRUSES 

Until quite recently a number of otherwise well-known diseases resisted 
all attempts to discover visible causal organi.sms. About thirty years ago a 
remarkable fact was discovered regarding one of these, a disease of the 
leaves of the tobacco plant, called, from the irregular way in which the 
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young leaves are attacked, the mosaic disease. Diseased leaves were emulsi¬ 
fied or finely ground up in water and the watery emulsion filtered through 
a very fine sterile lilter known to stop the passage of bacteria. When some 
of the filtrate which was proved to contain no visible organisms was placed 
on healthy young leaves they soon showed the typical symptoms of the 
disease and a filtered emulsion made from their tissues was similarly ef¬ 
fective in causing the disease in other tobacco plants. The results suggest 
that the cause of the disease, whether it be a living organism or a nonliv¬ 
ing molecular complex, is of submicroscopic size. The general term, filter¬ 
able viruses, has been applied to such agents. A number of common diseases 
arc believed to be caused by filterable viruses, including chicken pox, 
measles, mumps, infantile paralysis, hydrophobia, and yellow fever. 

The filterable viruses increase or multiply only in the presence of living 
cells. Their activity is specific, that is, a given virus causes a particular 
disease and that disease only, and usually it is confined to only one or a 
few species. A high degree of immunity is conferred by an attack of most 
filterable virus diseases. This is well known in the case of smallpox, but 
the common cold seems to be an exception. Most filterable virus diseases 
arc highly infectious, that is, are easily passed from host to host. 

Recently a protein has been crystallized from an emulsion of diseased 
tobacco leaves which shows all the properties of the filterable virus and 
when applied to healthy leaves causes the disease. The question whether a 
filterable virus is a living organism is probably one which has to be an¬ 
swered for each particular case. 


10. DRUGS AND BACTERIA 

Most drugs merely work toward alleviating the symptoms of a disease 
rather than toward combating its primary cause, which in an infection is 
the bacteria or other parasitic organisms. However, there are a few sub¬ 
stances which seem to be specific for certain diseases. One of the first of 
these to become known was quinine. This drug apparently acts directly 
to check the growth and increase of the malarial parasite (a protozoan and 

not a bacterium) in the blood. Salvarsan and neosalvarsan belong to a class 

• 

of drugs containing arsenic and are used effectively against the organism 
which causes syphilis. Recently the various "sulfa” drugs have proved very 
effective against streptococcic infections. Most recent of all is penicillin, a 
substance obtained from the mold Penicillium notatum. Through its use 
infections which formerly required weeks or months for treatment can be 
treated in a matter of hours or days. It has proved very effective in many 
infections which resist treatment with "sulfa” drugs. 



CHAPTER 8 


The Alosses and the Ferns 


The thallophytes considered in the two previous chapters arc mostly 
plants which live in water or decaying organic matter which contains water. 
For such a habitat a thallus is well adapted. Rigidity of structure would 
have no advantages; indeed, it would be a decided disadvantage to a Heat¬ 
ing plant. Since most of the cells arc comparatively near their source of 
food supply, the conduction of water and food materials through the plant 
IS not usually of sufficient importance to demand special conducting tissues. 

The earliest plants were undoubtedly thallophytes living in the shallow 
water on the shores of lakes or seas. From them developed the land plants. 
However, life on land is a very different matter from life in water. Only 
very gradually did plants become adapted to life on land and the process 
took a very long time. We can reconstruct a number of the steps in this 
process by studying some of the primitive land plants which have not be¬ 
come completely adapted to a land life. The familiar mosses and the less 
familiar liverworts are such plants. They arc grouped in the phylum 
Bryophyta, 

1. THE LIFE CYCLE OF A MOSS 

Mosses are familiar to everyone. Although as a group they may be said to 
prefer moist places, many species occur on relatively dry land. The life 
cycle of a moss includes two generations: a gametophyte generation in 
which gametes are produced and a sporophyte generation which produces 
spores. 

A. THE GAMETOPHYTE 

The leafy moss plant as usually seen belongs to the gametophyte gen¬ 
eration. Such a leafy moss plant consists of a stem which usually grows 
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erect, hearing leaves arranged spirally on its upper part and at its lower end 
rootlike lilainentous outgrowths called rhizoids (Fig. 8:1). The stem and 



Fig. 8:1 A moss, Funaria. On the left, a 
male gametophyte; on lh<‘ right, a female 
gametophyte. By permission from A Tfxt~ 
hook of Botany for College Students by David 
Myers Motlier. Copyright 1932 by P. 
Blakiston's Son & Co., Inc. 


leaves of a moss arc comparatively 
simple structures. Only in the mid¬ 
ribs of the leaves and in the axis of 
the stem arc the cells differentiated 
to perform special functions. Here 
occur elongated cells adapted for the 
conduction of water. 

The sexual organs of the moss 
are borne on the tips of the stems. 
In most species, the male and female 
organs develop on different stems, 
but in some they occur on the same 
stem. 

The leaves near the tip of the stem 
of a mature male branch arc spread 
apart so that the male sexual or¬ 


gans called (intheridia appear as an orange-colored spot in the center, giv¬ 


ing to the whole lip the appearance of a miniature flower. I'he orangc- 


Antheridium 


in section Sperm 



Male sexual organs Antheridium Archegonium Female sexual organs 

(enlarged) (enlarged) 


Fig. 8:2 Sexual reproduction in the moss, Funaria. On the left the male sexual organs; 
on the right, the female sexual organs. All drawings after Sachs. 

colored spot in the center contains several antheridia together with a 
number of club-shaped bodies (Fig. 8:2). Each antheridium is borne on a 
short stalk and consists of an elongated sac composed of a single layer 


Art. ? THE LIFE CYCLE OF A MOSS 97 

of irregular Rattened cells surrounding a central mass of cells. From the 
central mass of cells are developed a large number of small curved sperms. 
When sufficient moisture is present and the sperms are ripe the antheridium 
bursts open at its upper end, discharging its contents. 

The tips of the stems bearing the female sexual organs are covered by 
leaves (Fig. 8:2). The individual organs, called archegonia, are flask¬ 
shaped structures. Each is borne on a stalk and consists of an enlarged 
portion and a neck. In the enlarged portion is a relatively large egg cell. 

Fertilization can occur only when enough water is present for a sperm 
to swim from an antheridium to an archegonium. In the case of certain 
mosses it is not difficult to show that the sperms swim toward certain sub¬ 
stances such as cane sugar which may be given olT from the ripe archego¬ 
nium. The sperms swim down the neck of the archegonium and one of 
them enters the egg, fertlizing it. 

B. THE SPOROPHYTE 

After fertilization has occurred the zygote begins immcdiatly to grow 
into a sporophyte by cell division and cell growth while still within the 
archegonium, developing eventually into an elongated embryo. The part 
of the embryo sporophyte in the lower portion of the archegonium differ¬ 
entiates into a /oo/ which eventually penetrates into the tissues of the 
ganietophytc and absorbs water and other food materials from it. The in¬ 
termediate portion grows rapidly in length and forms a long slender stalk, 
the axis of which contains elongated conducting cells. The portion oriented 
toward the neck of the archegonium differentiates into a capsule containing 
spores (Fig. 8:3). When the spores are ripe they are liberated through an 
opening in the capsule. The greatest diflercntiation of the sporophyte oc¬ 
curs in the capsule. The amount of spore-forming tissue in the capsule is 
relatively small, much space being taken up by other kinds of tissue, some 
of which consists of cells containing chloroplasts and therefore capable of 
manufacturing sugar. Nevertheless the sporophyte remains dependent on 
the gametophyte throughout its life. 

When the spore of a moss plant germinates, it gives rise to a structure 
which resembles a branched filamentous alga. This filamentous stage in 
the life cycle of the moss may represent an early stage in the evolution to 
the moss from some simpler form of plant life. At intervals along the length 
of the filament knoblike groups of cells arise from which are developed 
leafy moss plants. These leafy moss plants soon come to be independent 
of the filament. They then form sexual organs and become gametophyte 
plants. 
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Spore 

capsule 


Stalk of 
sporoph/te 



Cap formed 
from old 
archegonium 


Leaves of 
gametophyte 


Rhizoids of 

gametophyte 


Young sporophyte in archegonium 


Mature sporophyte on gametophyte 


Fig. 8:3 Development of the sporophyte in the moss, Funaria. On the left, lip of a 
gametophyte with a young sporophyte as seen in section. The sporophyte is stippled. On 
the right, a mature sporophyte on a gametophyte. Both drawings after Sachs. 


C. SUMMARY OF THE LIFE CYCLE OF A MOSS 

The life cycle of a moss consists of an alternation of generations: a 
sexually reproducing gametophyte generation alternating with a spore- 
producing sporophyte generation (Fig. 8:4). 

Mosses arc primitive land plants. They are able to exist on dry land, 
and some species can resist a considerable amount of drought, but mois¬ 
ture is required for the sperms to reach the eggs in sexual reproduction. 
Here the gametophyte is the more enduring and more conspicuous stage. 
This we shall see is exactly the opposite of what occurs in the ferns and 
in the more highly evolved land plants. It is considered unlikely that the 
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mosses are on the line of descent of higher plants. More nearly on this 
line of descent are the liverworts, a group of plants which resemble the 
mosses in their life cycle and arc placed with them in the phylum Brvo- 
phyta, but in which the gametophyte bears more resemblance to the 



* 

Germinating spore Spore Spore formation Spore mother cell 


Fig, 8:4 The life cycle of a typical moss. By permission from A Textbook oj General 
Botany for Colleges and Universities by Richard M. Holman and Wilfred W. Robbins. Fourth 
Edition. Copyright 1939 by Richard M. Holman and Wilfred W. Robbins. Published 
by John Wiley & Sons, Inc. 

thallus of an alga, while the sporophyte also shows a somewhat less com¬ 
plicated structure. 

The mosses are important in the economy of nature on account of their 
soil-saving and soil-building properties. Especially is this true of the peat 
mosses which occur in swamps, where they often make up a large part of 
the vegetation. 

2. THE LIFE CYCLE OF A FERN 

In the ferns and their relatives, adaptation to life on land has gone 
further than in the liverworts and mosses. I'hey are grouped in the phylum 
Pteridophyta. Since in these plants the sporophyte is the most conspicuous 
generation and is familiar to all as the fern plant, the study may be com¬ 
menced with this stage. 
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A. THE MATURE SPOROPHYTE 

All that one secs above ground of an ordinary fern are the leaves, which 
in this case are olten called fro)i(is. The stem from which the fronds arise 
is underground, ami in the common wild ferns runs hori/onlally (Fig. 8:5) 


Leaf 



Underground stem 


Groups of sporangia 


Leaflets 


Sporangia 



Leaflet 


Vein 



Groups of 
sporangia 


Fig. 8:5 The sporophyic of a fern, Polypodium vulgare. On the left a plant; on the 
right, the under side of a portion of a leaf enlarged to show groups of sporangia. Under 
side of a leaf by permission after A Textbook of General Botany for Colleges and Universities by 
Richard M. Holman and Wilfred W. Robbins. Fourth Edition. Copyright 1939 by 
Richard M. Holman and Wilfred W. Robbins. Published by John Wiley & Sons, Inc. 


several inches below the surface. In some species and especially in the 
potted varieties the stem may be short and on the ground. In the tropics and 
some parts of the Southern Hemisphere, tree ferns occur with erect cylin¬ 
drical stems which may reach a height of forty feet. 
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The tip of the stem is the growing region, and new leaves arise there. In 
temperate countries like the northern United States, the leaves of most ferns 
die down in the fall and new leaves grow up in the spring. The new lca\ es 
arising near the tip of the stem are at first rolled up in a very characier- 
istic way, reminding one of the curved end of a violin scroll. A frond con¬ 
sists of a relatively long stalk and a blade which is usuallv divided into 
numerous leallcts. The underground stem bears in addition to the leaves 
numerous fine roots. A microscopic study of the stem and leaves shows that 
the cells are differentiated into tissues. These tissues resemble the tissues of 
the seed plants which ivill be studied in detail in a later cliapter. 

Lip cell 


Annulus 



Spores 



Lip cell 


Lip cells 


Annulus 



Fig. 8:6 Sporangium of a fern showing method of opening. A, .sporangium before 
opening. B, sporangium showing method of opening by the bending backward of the 
annulus. C, annulus springing back to its original position and discharging spores. 


On the underside of the leaves occur brown spots which when magnified 
arc seen to be groups of sporangia (Fig. 8:5). Each sporangium consists of 
a slender stalk and a capsule. The capsule is Icns-shaped, the stalk being 
attached to the rim. The wall of the capsule is composed of a single layer 
of cells which arc thin-wallcd except lor a band of cells which form a 
portion of a ring, or annulus around the rim (Fig. 8;()). The cell walls of 
the cells of the annulus are thick between the iiulividual cells and toward 
the center of the capsule, while the outer cell walls are thin. ITie portion 
of the rim of the cajjsulc not covered by the annulus contains two lip cells. 
Spore mother cells, usually sixteen in numljcr, develop in the interior of 
the capsule. Each spore mother cell divides by two successive cell divisions 
into four spores. Tlie ripe capsule bursts open in dry weather along a line 
separating the two lip cells. This is brought about by tlie annulus. In dry 
weather the cells of the annulus lose water through their thin outer walls. 
Since the inner and radial walls of the cells do not contract, the decrease in 


volume causes the annulus to straighten out and curve over, opening the 
sporangium at the lip cells and tearing the side walls of the sporangium. 
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Later the annulus springs back to its original position, scattering any 
spores still in the ruptured sporangium (Fig. 8:6). The minute spores can 
lloat for a considerable time in the air and are dispersed by the wind. 

6. THE GAMETOPHYTE 

When the spore of a fern germinates it becomes the gametophyte, so called 
because it is the generation which produces the gametes (Fig. 8:7). The 
gametophytes are found on moist ground and are so small that they are 
seldom seen except by those especially in search of them. They are green 

prowIng point- 



Fig. 8:7 Early stages in the development of the gametophyte of a fern, Polypodium. By 
permission from A Textbook of General Botany for Colleges and Universities by Richard M. 
Holman and Wilfred W. Robbins. Fourth Edition. Copyright 1939 by Richard M. 
Holman and Wilfred W. Robbins. Published by John Wiley & Sons, Inc. 

in color and as they lie on the ground resemble minute leaves, with which, 
however, they have little in common, being more comparable to the thallus 
of an alga. Cell division and growth take place chiefly at one end. When 
mature, the gametophyte is nearly circular in outline with a notch at the 
growing point (Fig. 8:8). At the other end and in the middle, numerous 
hairlike rhizoids arise from the under side. These are elongated cells which 
grow down into the ground. They serve to anchor the gametophyte and 
to absorb water and dissolved substances from the ground. 
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The male sexual organs or antheridia occur on the under side among 
the rhizoids. The female sexual organs called archegonia are found on the 
under side at the end near the notch. 

The antheridia of a fern are small spherical bodies which project down- 



8:8 Mature gamrtophyte of a fern as seen from the ventral surface. By permission 
from A Textbook of General Botany for Colleges and I 'niversilies by Richard M. Holman and 
Wilfred W. Robbins. Fourth Edition. Copyright 1939 by Richard M. Holman and 
Wilfred W. Robbins. Published by John VS’ilcy & Sons, Inc. 


ward from the under surface. In them are formed the sperms which are 
small, spirally coiled cells witli many flagella at one end (Fig. 8:9). 

The archegonia arc partly iinl)cddcd with only the neck projecting from 
the surface on the under side (Fig. 8:9). Each archegonium contains a 
single egg. 

Fertili/aiion, that is, the union of the sperm with the egg, can occur 
only when there is sufficient water present for the sperm to swim to the 
neck of the archegonium. In the case of the ferns it has been shown ex- 
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perimentally that the sperms are attracted by a substance called malic acid 
and it is believed that this or some similar substance is formed in the arche- 



IMMATURE ARCHEGONIUM 



ARCHEGONIUM AT FERTILIZATION 


Cells of 
gometophyte 


Cells 
of ontheridium 



Sperms 


ANTHERIDIUM 



SPERM ENLARGED 


Fig. 8:9 The sexual reproduction of a fern. By permission from A Textbook of General 
Botany by Gilbert M. Smith, James B. Overton, Edward M. Gilbert, Rollin H. Denniston, 
George S. Bryan, and Charles E. Allen. Third Edition. Copyright 1935 by The Mac¬ 
millan Company. 


gonium. Fertilization of the egg occurs while it is still in the archegonium 
and the zygote undergoes its early development into a sporophyte there. 


C. THE YOUNG SPOROPHYTE 

The different parts of the sporophyte are early determined. The single 
cell resulting from the union of the egg and sperm divides first into two 
and then into four cells. Each of these four cells gives rise to a different 
part of the sporophyte. One gives rise to the stem, another to the first leaf, 
a third to the root, and the fourth to a structure called the foot, which 
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glows into and absorbs nourishincnt ii 
sporophyte grows rapidly and becomes 
soon dies (Fig. 8:10). The root pushes 
ing, develops secondary roots. The first 
or primary leal begins the mamdacturc 

of starch. The stem becomes e\cniuallv 

/ 

the permament underground stem from 
which are later developed more roots 
and the characteristic leaves or fromls of 
the fern. L^sually a gametopliyie gives 
rise to only a single sporophyte. 

D. SUMMARY OF THE LIFE 
CYCLE OF A FERN 

The life cycle of a fern (Fig. 8:11) 
consists of the alternation of an asexual 
generation, the sporophyte, which re¬ 
produces by means of spores, and a sex¬ 
ual generation, the gametophyte, wliich 
reproduces sexually by means of gametes. 
A sporophyte bears sporangia in which 
spore mother cells give rise to tetrads of 
spores. A spore develops into a gameio- 
phyte in which archegonia and aniher- 
icHa develop, respectively, eggs and 
sperms. When a sperm unites with an 
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om the gametophyte. The young 
independent of its parent, which 
its way into the soil and, branch- 



Fig. 8:10 A young sporophyte of a 
fern (.shaded) still attached to, and 
parasitic upon, the gametophyte. By 
permission from A Textbook oj General 
Botany by Gilbert M. Smith, James 
B. Overton, Edward M. Gilbert, 
RoUin H. Denniston, George S. 
Bryan, and Charles E. Allen. Third 
Edition. Copyright 1935 by The 
Macmillan Company 


egg a zygote is formed which develops into a new sporophyte. 


E. THE FERNS AS A GROUP 

There are more than four tliousand dilfcrcnt species of ptcridophytes. 
They are usually easily distinguished from other plants by their leaves in 
the form of fronds and their spore-bearing organs. .-Mthough widely dis¬ 
tributed they reach their greatest Ittxuriance in the tropics. There large 
tree ferns thirty to forty feet in Iieight occur. Great tree ferns and especially 
large horsetails and club mosses (sec below) formed the vast forests of the 
late Paleozoic era aliout half a billion years ago before the flowering plants 
came into existence. The coal deposits on which so much of our modern 
civilization has been dependent arc largely composed of the carbonized 
fossils of tree ferns and their relatives. 
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Fig. 8:11 Diagram of the life cycle of a fern. 


3. THE LIFE CYCLE OF A SPIKE MOSS (SELAGINELLA) 

Most species of Selaginclla are confined to the tropics. Usually there is 
a much-branched creeping stem and small mosslike leaves. Some species 
of Selaginella seen in greenhouses are relatively large bushy plants, others 
are small and delicate like a moss. One species is sold in stores under the 
name of "resurrection moss.” In dry weather this plant rolls up into a ball. 
When the ball is moistened the branches unroll and become green. They 
are classified with the ferns in the phylum Pteridophyta rather than with 
the mosses because they resemble the ferns in their life cycle and in the 
prominence of the sporophyte and the suppression of the gametophyte 
generation. 


A. THE SPOROPHYTE 

The leaves, which bear the spores, form compact cones (Fig. 8:12) on 
the ends of the branches. Each leaf carries a single sporangium, but the 
sporangium is really formed from the stem just above the leaf. Two kinds 
of spores are produced in two kinds of sporangia on the cone. One kind, 
called microspores^ are small and give rise to male gametophytes. The other 
kind, called megasporesj are larger and give rise to female gametophytes. 
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The sporangia which bear the microspores, called ynicrosporayigia, are on 

the upper part of the cone, while those which bear the megaspores, called 
megasporaugia, arc on the lower part. 



Microsporangium" 


Megasporangium' 


Section of part of cone 



Megospores; 



Branch of sporophyte Microsporangium 



'Microspores 


Megasporangium 


8:12 Selaginella. A, branch bearing cones; B, section of part of cone; C, micro¬ 
sporangium; D, microsporcs; E, megasporangium; F, megaspores. By permission from 
i^nnciples of Botany by Joseph Y. Bergen and Bradley M. Davis. C’opyright 1906 by 
Joseph Y. Bergen and Bradley M. Davis. Published by Ginn and Company. 


B. THE GAMETOPHYTE 

Within the microsporc a minute, degenerate, male gametophyte develops. 
This consists of a single cell and two groups of cells. I'lie latter give rise to 
numerous motile flagellated sperms (Fig. 8:13) that are set free when 
nioisture is available. 

The megasporc gives rise to a female gametophyte which begins its de¬ 
velopment while still in the sporangium and never becomes an independent 
plant: like the male gametophyte, it is a relatively small and degenerate 
structure. When it is fully developed, one end bulges from the spore case. 
On the exposed surface are a few archegonia (Fig. 8:13) each containing 
a single egg. Fertilization is possible only when there is sufficient moisture 
for a sperm to swim to an archegonium. In some cases, however, microsporcs 
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may fall on the cone in the vicinity of a megasporangium, in which case 
only a small amount of moisture is required. 



Spore forming cells 


Rhizoids^ 


*'''Gametophyte C 
cell 

MALE GAMETOPHYTE 



SPERMS 



Archegonium 


FEMALE GAMETOPHYTE 

Fig. 8:13 The gamctophytcs and embryo of Selaginella. A, male gametophyte con* 
tained within the microsporc; B, two-cilialed sperms; C, female gametophyte containing 
an embryo sporophyte. B, after Balajeff; A, C, from Miss Lyon. By permission f''°'^ 
Principles of Botany by Joseph Y. Bergen and Bradley M. Davis. Copyright 1906 by Joseph 
Y. Bergen and Bradley M. Davis. Published by Ginn and Company. 


C. THE YOUNG SPOROPHYTE 

The zygote develops into an embryo sporophyte which begins its develop¬ 
ment within the female gametophyte (Fig. 8:13), and this may occur even 
while the latter is still in the sporangium. In addition to the foot, stem, and 
root of the fern embryo, the embryo of Selaginella develops a spiral organ 
called the sttsperjsor, which forces the young plant down into the tissues of 
the gametophyte, where it obtains protection and nourishment. A suspensor 
is found in the embryos of the higher plants. 

D. SUMMARY OF THE LIFE CYCLE OF SELAGINELLA 

The life cycle of Selaginella (Fig. 8:14) may be compared to that of a fern, 
the chief differences being the formation of two kinds of spores, namely* 
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microspores and nicgasporcs. and the degenerate nature of the male and 
female gametophytes which arc dcpciulcm on the sporophyte. 
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^ig* 8:14 Life cycle of Sclaginclla. 



Megasporophyll 


4. OTHER FERN RELATIVES 

Closely related to the spike mosses are the club mosses, of which a com¬ 
mon genus is Lycopodium. Like the tree ferns, these plants reached a 
laige size in early times and contributed greatly to the coal deposits. Some¬ 
what different but yet related to tiie ferns are the horsetails, represented by 
the genus Equisetum, also abundant as fossils. 


5. THE ALTERNATION OF GENERATIONS 

A. THE SIGNIFICANCE OF THE ALTERNATION OF GENERATIONS 

To survive and be biologically successful a j>iant must not only be able 
to grow. It must be able to produce new individuals and insure that ihev 
will find a livelihood. We shall see later that really new individuals are 
Produced only by sexual reproduction. .Sexual reproduction to be most ef¬ 
fective in producing new individuals involves the union of male and 
female gametes from different plants—a process called cross-fertilization. 
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Thus the problem of bringing the gametes together for fertilization must 
be solved in each species ol plant. If a young plant is to survive it must reach 
a suitable location where it will find the raw materials for the manufacture 
of its food and not be crowded out by other plants. This is the problem of 
dispersal which must also be solved if the species is to continue. These two 
problems, fertilization and dispersal, are simplified in the Algae because 
they live in water. Teriili/ation is facilitated by either both gametes (Ulo- 
thrix), or one kind only, the sperm (Oedogonium), swimming through the 
water. Distribution of the zygotes is aided by water currents. 

Both these problems become more complex in the case of a land plant. 
They arc solved by the mosses and ferns by the division of the life cycle 
into two separate generations and the adaptation of each generation to the 
solution of one ol the problems; the gametophyte looks after sexual repro¬ 
duction and the problem of fertilization is solved with the motile male 
gametes, while the sporophue, by producing minute wind-borne spores, 
provides for distribution. With this division of labor structural differentia¬ 
tion has gone hand in hand, so that the gametophyte is a very different plant 
from the sporophyte. 

The structural differences between the gametophyte and sporophyte 
generations extend even to the nuclei of their cells. Indeed the nuclear 
differences probably constitute the most fundamental differences between 
them. I'hey involve a cycle of changes to which we will now turn. 


B. THE NUCLEAR CYCLE IN THE ALTERNATION OF GENERATIONS 

In a previous chapter (Chap. 3) the complicated process of nuclear 
division called 77iitosis was described. It will be remembered that in this 
process certain important structures called chrotnosomes became evident and 
underwent longitudinal division so that each of the daughter cells came to 
have the same number of chromosomes and the same kind of chromosomes 
as the parent cell. This is the usual method of nuclear division and gen¬ 
erally occurs whenever cells divide. 

(1) THE GAMETOPHYTE NUCLEI 

When the spore of a moss or fern germinates and develops into a game¬ 
tophyte, the cells divide in the usual way and the nuclei go through the 
usual phases of mitotic division. The nuclei of most of the species of ferns 
which have been investigated contain rather large numbers of chromosomes. 
However, for the purposes of description, we will assume the number in the 
spore nucleus to be three (Fig. 8:15). When this nucleus divides, each 
of the daughter nuclei contains three chromosomes and the same will be 
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the case in all the cell divisions leading to the mature gamctophyte \Vhen 
the eggs and sperm are formed in the archegonia and antheridia each egg 
contains three chromosomes and each sperm also three chromosomes 




Egg 





First cell division Second cell division 


Fertilization 


Cell division in the sporophyte 


»g. 8:15 Diagram illustrating the nuclear changes in the life cycle of a fern. For the 
of simplicity the haploid number of chromosomes has been assumed to be three. 
Above, cell division in the gamctophyte; below, fertilization and cell division in the 

sporophyte. 


(2) FERTILIZATION 

When the sperm and egg unite each brings its three chromosomes to the 
zygote: in consetjuence the zygote nucleus has six cliromosomes which con¬ 
sist of two corresponding sets of three each (Fig. 8:15). Expressed in an¬ 
other way. while the gamctophyte nuclei tomain single chromosomes, the 
zygote nucleus contains pairs of chromosomes (in this case three pairs) 
one member of each pair being (ontril)iitcd by the male gamete and the 
other by the female gamete. Two chromosomes wliich constitute such a 
pair are said to be homologous. Thus the gametes contribute homologous 

cliromosomes. 


(3) THE SPOROPHYTE NUCLEI 

When the zygote divides, each of the nuclei of the two daughter cells 
contains six chromosomes, or three pairs, the zygote nucleus having divided 
by the usual process of mitosis and each of its chromosomes having divided 
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longitudinally. The same process is repeated during the entire development 
of the sporophyte. 

Thus it is seen that the difference between the nuclei of the gametophyte 
cells and those of the sporophyte cells involves more than merely the 
number of chromosomes. A nucleus which contains only single chromo¬ 
somes, as is the case in the gametophyte nuclei and the nuclei of the 
gametes, is termed haploid, while a nucleus which contains pairs of chromo¬ 
somes, as is the case in the sporophyte nuclei, is termed diploid. 

(4) SPORE FORAAATION 

Since each spore contains only half the number of chromosomes in a 
spore mother cell (in the example chosen the spore contains three chromo¬ 
somes and the spore mother cell six chromosomes), it is clear that in the 
process of spore formation the number of chromosomes becomes reduced 
to half. The process by which the number of chromosomes is so reduced is 
called meiosis} Mciosis really consists of two nuclear divisions accompanied 
by only one division of the chromosomes. Actually the process is somewhat 
complicated and differs considerably in different cases. 

iThc process of mciosis and its relation to the tninsmlssion of heredity characteristics 
is iliscussed in more detail in Chapter 2-1. 



CHAPTER 9 

The Life Cycle of a Seed Plant 


The greater part of tlie vegetation of the earth consists of seed plants. 
These plants constitute the phylum Spermatopliyta and are characterized 
by the possession of seeds. A seed is developed from a modified sporangium 
in which a much reduced female gametophyte has given rise to an embryo 
sporophyte, the entire gametophyte generation being extremely abbreviated. 
The seed plants include the gymnosperms (class Gymnospermae), most of 
which are evergreen trees which hear their seeds on cones instead of in 
flowers, and the flowering plants (class .\ngiospcrmac). In flowering plants 
the seeds are inclosed in a covering of seed coats which is lacking in the 
seeds of gymnosperms. Flowering plants have become adapted to live under 
a great variety of environmental conditions and represent the highest level 
to which plant evolution has yet attained. 


1. A GENERAL ACCOUNT OF THE LIFE CYCLE 

The plant with which we arc familiar represents the sporophyte gen¬ 
eration, the gametoj>hytes being microscopic plants dependent on the 
sporophyte throughout their existence. It is convenient to begin with the 
sporophyte. Almost any plant could be made to serve the purposes of a 
general description. Wc have chosen the sunflower. 


A. THE SPOROPHYTE OR PLANT BODY 

The sunflower plant is composed of a shoot and a root (Fig. 9:1). The 
shoot consists of the sletti and leaves and grows upward into the air, while 
the root grows downward into the ground. The stem is divided into nodes 
and internodes. The nodes arc the slightly enlarged portions of the stem 
where the leaves arise. They arc separated by the internodes. In the sun¬ 
flower the leaves arise singly, one at a node. Such an arrangement is said 
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to be alternate. When two leaves arise at each node, opposite to each other, 
the arrangement is said to be opposite. When a number of leaves arise at a 
node equally spaced around it the arrangement is called a whorl. A leaf 



consists of a flat portion or blade and 
a petiole by which it is attached to the 
stem. The upper angle between the 
petiole and the stem is called the leaf 
axil. At the tip of the stem is the 
“flower,” which in the sunflower is 
really a cluster of small flowers. The 
root consists of a main portion ex¬ 
tending vertically downward, from 
tvhich branches extend. 

The stem of the sunflower is com¬ 
posed mainly of soft tissue. At the end 
of the growing season, that is, at the 
end of the summer, all of the plant 
body above ground dies. Such plants 
are called herbs, and the sunflower 
is said to be an “herbaceous plant.” 
Indian corn and %vheat arc other 
examples of herbaceous plants. They 
are to be contrasted with trees and 
shrubs which have woody stems that 
do not die between the growing 
periods. 

The sunflower plant lives for only 
one season. After blooming and form¬ 
ing seed, it dies. New plants grow from 
the seed the next spring. Such a 
plant is said to be an annual. Other 
examples of annuals are corn and 


Fig. 9;1 A sunflower plant. By permis¬ 
sion from A Textbook of General Botany by 
Gilbert M. Smith, James B. Overton, 
Edward M. Gilbert, Rollin H. Denniston, 
George S. Bryan, and Charles E. Allen. 
Third Edition. Copyright 1935 by The 
Macmillan Company. 


wheat. In other herbaceous plants, 
for example, the beet or turnip, the 
shoot produces no flowers during the 
first year, all of its activity going to 
the storage of food materials in the 
root, which does not die as the shoot 


does at the end of the summer. Next spring a new shoot grows from the 
old root and produces flowers and seeds, after which the whole plant dies. 
Such plants which live for two years are called biennials. In other herba- 
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ceous plants food materials may be stored underground from year to year so 
that a succession of llowcring shoots may be produced each year. These 
are perennial herbs: examples are asparagus, rhubarb, dahlia, and glad¬ 
iolus. Trees and shrubs are perennial woody plants. 

The stem of a plant is by no means always erect. It may lie along the 
ground, as in the strawberry and watermelon, or it may be actually under¬ 
ground as in the case of many grasses. On the other hand a stem may twine 
round the stems of other plants as in many climbing plants, for example, 
the bean and grape. 

The leaves of plants vary greatly in form and structure. They may be 
divided into vegetative leaves, which have to do with the metabolism and 
growth of the plant, and floral leaves, which make up the flower and func¬ 
tion in the reproduction of the plant. Vegetative leaves may take the form 
of ordinary green foliage leaves, scale leaves such as those which protect 
the buds, or bracts—small leaves in the axils of which flowers are borne. 

Perennial woody plants like trees and shrubs carry on their growth 
mainly during the spring and summer. i\ew branches and leaves arc 
formed from the buds which lie dormant during the winter. Buds occur 
usually at the ends of branches or in the axils of leaves. Occasionally buds 
occur at other points on the stem. Buds may give rise to branches and 
foliage leaves only, branches, foliage leaves, and flowers, or flowers only. 

B. THE FLOWER 

Flowers arc essentially reproductive organs specially adapted to repro¬ 
duction on land. The entire garnetophyte generation which in the mosses 
and ferns is represented by sei)arate and independent plants is crowded 
into the flower and concealed from the casual observer, wliose attention is 
held by the delicate beauty of the often highly colled petals or sepals 
which arc not essential to the reproductive processes. 

There are many tyjx's of flowers, some of which, like those of the grasses 
and many trees, are inconspicuous and lacking in distinctive coloration. A 
little study .soon shows that all flowers are in reality whorls of modified 
leaves borne on the ends of stems or branches in which the internodcs or 
portions between the leaves are shortened so that the separate whorls arc 
close together and ajjpear to he one within the other. 

np-scRipTiON OF A SiMPi.K FmwrR. The structure and significance of the 
flower can best be approached by studying a relatively simple flower such 
as that of the buttercup Ranunculus. The end of the stem on which the 
flower is borne is called the rrreptacle (Fig. 9:2) . The outer whorl which is 
composed of five small, pointed, yellowish green leaves, called sepals, is the 
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calyx. W ithin the calyx is the whorl of five larger yellow leaves called petals, 
which make up the most conspicuous part of the flower and form the 
corolla, riie petals alternate with the sepals, that is, they occupy the spaces 
between tlicm. I'hc term periaath is applied to the sepals and petals col¬ 
lectively. Passing inward we come next to a number of whorls of small 



Flower In section 



Anther 
Filament 


arpel 
Stamen 


Essential parts of flower 


Vein from filament 



Sporangia q Anther opens here 

Cross section of anther 


Style 


Ovory- 



Integuments 

/ 


— Mego- 
sporangium 


D 


Longitudinal section of carpel 


Fig. 9:2 The anatomy of a flower. A, the flower of the buttercup Ranunculus divided 
longitudinally; B, a flot|||^r of the same from which the sepals, petals, and all but two 
stamens have been removed; C, a cross section of the anther of a lily; D, a longitudinal 
section of a carpel of a buttercup. A and B by permission after The Elements of Botany by 
Francis Darwin. Copyright 1899 by The University Press, Cambridge. 


filamentous bodies called stamens and within them, nearest the central 
axis of the flower, the carpels. The stamens and carpels constitute the essen¬ 
tial parts of the flower. 

When magnified each stamen is seen to consist of a filament which bears 
on its free end an enlargement, the anther. A cross section of an anther 
shows two cavities on each side of the attachment of the filament (Fig- 9* 2) • 
These cavities are really the cavities of four microsporangia. The spores 
produced in these sporangia are microspores. As in the fern, the formation 
of spores is preceded by spore mother cells, in this case called microspore 
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mother cells. Two ceil divisions lead to the formation of spores as in ferns. 
It now becomes evident that the stamens can be compared to leaves bearing 
sporangia. When this is done, the (ilament is found to correspond to the 
stalk and the anther to the blade, which in this case bears four sporangia. 
That the stamens really correspond to leaves is seen in the flower of the 
white water lily (Fig. 9:S) , wlierc there is a gradual transition from petals 
to stamens. In some of the common cultivated varieties of the geranium 
and nasturtium the filaments of the stamens may develop leaflike outerrowths. 




A corpel forming a pisfll 


Fig. 9:3 The origin of the sporophylls in the flowering plant. transition from petah 
to stamens in the white water lily. B-C:, a leaf folded to show the formation of a pistil. 
By permission after Grays Botanical Text-Book (Sixth Edition) V^ol. I. Structural Botatty b> 
Asa Gray. Macmillan and Company, Ltd., London, 1900. 


In the center of the flower, bunched together but ncvcrtlielcss in whorls, 
are the carpels. These small, green, pointed, oval bodies arc even less like 
leaves than the stamens. However, a carjicl is merely a small leaf with its 
lateral margins bent around arul fused together so as to form a little sac 
enclosing a cavity. I’hc small sac is called an ovary. Projecting into the ovary 
and attached to its wall by a stalk is an ointlr (Fig. 9:2) . ovule consists 
of a rncgasporarigiutn, partly covered hy tlie outer and inner integuments 
which are formed as outgrowths from the base or attached end of ilie 
megasporangium and <lo not cpiite meet over the other en<I, leaving an 
opening, the micropyle (Fig. 9:1). Only four megaspores are formetl in 
the ovule and only one of them, that farthest away from the micropyle, be¬ 
comes functional, that Is, devcloji'. into a greatly letluced female gameio- 
phyte. It is clear that the carpels, like the stamens, arc to be regarded as 
leaves bearing sporangia which arc called in this case ovules (Fig. 9:3). 

At the pointed, liooklike, upper end of each carpel is an organ called the 
stigmaj which is specially adapted to receive tlie microspores. In most 
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flowers the stigma is borne upon a stalk or sly/e. Frequently each carpel bears 
several ovules. In many flowers the carpels are united to form a single central 
structure which is then called a pistil. 

The microspores begin their development into male gametophytes while 
still in the anther, and the megaspores not only begin but complete their 
development in the ovule. These conditions create a rather interesting situ¬ 
ation. .-Vlthough the sporophuc docs not reproduce sexually, nevertheless 
the fact that it produces two kinds of spores which develop into male and 
female gametophytes respectively is, as it were, reflected back into its struc¬ 
ture so that we can in a way think of the stamens as male organs and the 
carpels as female organs of reproduction. The sepals and petals protect 
the stamens and pistils and attract insects to the flower. 



Megaspore 
mother cell 



Megaspores 



megospore 


C. THE GAMETOPHYTES 

The single nucleus of the female gametophyte divides into two. four, and 
cvcntuallv eight daughter nuclei without any accompanying division of 

the cytoplasm. These eight nuclei 
are arranged in the gametophyte 
so that four are at the end near 
the micropyle and four at the 
opposite end (Fig. 9:4). From 
each of these groups of four nu¬ 
clei, one nucleus moves toward 
the center of the gametophyte 
(Fig. 9:5A, B). The cytoplasm now 
becomes divided by cell walls. At 
the micropylar end three cells arc 
Female gametophyte formed, each With a single nu- 

Fig. 9:4 Longitudinal section of an ovule cleus. One of these is the single 

showing the development of the megaspores ^gg cell while the other two arc 

and the female pmetophyte in a flowering bVlieved by some to correspond to 
plant. By permission after A Tfxtbook of General ^ . 

Botany by Gilbert M. Smith, James B. Overton, ^ reduced archegonium. 

Edward M. Gilbert, Rollin H. Denniston, The cytoplasm occupying the 

George S. Bryan, and Charles E. Allen. Third central portion of the gameto- 

Edition. Copyright 1935 by The Macmillan , } , 

Company. phyte becomes a larp two- 

nucleated cell. This simplified 
structure consisting of eight nuclei divided among seven cells and contain¬ 
ing a single egg is the mature female gametophyte of a flowering plant. 

The first division of the microspore cell (Fig. 9:5C) leads to the forma¬ 
tion of a generative cell and a tube cell (Fig. 9:5D). In most flowering 
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plants the microspores, now called pollen grains, are liberated from the 
anthers at this stage, and further development does not take place unless 
the pollen grain is carried to the stigma cither of the same flower or an¬ 
other Rower of the same species. When this occurs, the tube cell grows out 
as a pollen tube. First the tube nucleus and then the generative cell migrate 
into and down the pollen tube (Fig. 9:5E). The nucleus of the generative 



Development of the female gametophyte Development of the mole gametophyte 

Fig. 9:5 The development of the gametophytes in a flowering plant. A, development 
of the female gametophyte, stage with eight nuclei and no division of the cytoplasm; B, 
niature female gametophyte; C-F, development of the male gametophyte. All figures 
diagrammatic. By permission from A Textbook oj General Botany by Gilbert M. Smith 
James B. Overton, Edward M. Gilbert, Rollin H. Denniston, George S. Bryan, and 
Charles E. Allen. Third Edition. Copyright 1935 by The Macmillan Company. 

cell divides to form two sperm nuclei, either before or after it has moved 
into the pollen tube (Fig. 9:5F). I'he pollen tube elongates rapidly, grow¬ 
ing down through the tissues of tlie stigma to the ovule. 


D. POLLiNATION AND FERTILIZATION 

The transfer of pollen, called pollination, from the anther to the stigma, 
whether it be the stigma of a Rower in another plant or the same plant, 
IS an essential link in the life cycle of a (lowering plant. In most cases the 
pollen is either borne on the wind or carried on the bodies of insects. 
Wind-pollinated Rowers are usually small and inconspicuous and have dry 
powdery pollen, while Rowers which arc pollinated by insects are more 
conspicuous and are often made attractive to their visitors by being highly 
colored and odoriferous and by providing nectar. The buttercup is pol¬ 
linated by insects. 

When the pollen tube reaches the ovule it usually enters by way of the 
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micropyle and passes to the gametophyte (Fig. 9:6). On reaching the. 
gametophyte the tip of the pollen tube bursts and the two sperm nuclei are 
discharged into it. Fertilization then occurs when one of the sperm nuclei 
fuses with the egg nucleus and a zygote is formed (Fig. 9:6). The other 



POLLINATION 


FERTILIZATION 


Fig. 9:6 Pollination and fertilization in a flowering plant. On the left, a longitudinal 
section of a flower showing the growth of the pollen tube from stigma to egg. On the 
right, a mature female gametophyte, showing the union of one male nucleus with the egg 
nucleus, and the entrance of a second male nucleus into the primary endosperm cell. 
By permission after A Textbook of General Botany by Gilbert M. Smith, James B. Overton, 
Edward M. Gilbert, Rollin H. Denniston, George S. Bryan, and Charles E. Allen. Third 
Edition. Copyright 1935 by The Macmillan Company. 


sperm nucleus moves into the center of the gametophyte and fuses with the 
two nuclei already there to form a single endosperm nucleus. 


E. THE SEED AND ITS GERMINATION 

The fertilization of the egg inaugurates changes which lead to the forma¬ 
tion of an embryo which is contained in the seed and fruit. VVe will consider 
first the embryo which is developed from the zygote. The development be¬ 
gins with the division of the fertilized egg to form a short filament of cells. 
The cell of this filament farthest from the micropyle gives rise to the embryo 
proper while the rest of the filament forms a suspensor which forces the de¬ 
veloping embryo toward the center of the gametophyte (Fig. 9:7). Early in 
its development the embryo becomes differentiated into stem, root, and seed 
leaves. The single endosperm nucleus referred to above divides repeatedly. 
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at first without cell division, and the cytoplasm increases so that the young 
embryo is surrounded by a many-nucleated mass ot protoplasm (Fig. 9:7). 
Later this mass divides into a many-celled structure called the endosperm. 
The fate of the endosperm differs in 
different species; in some, for ex¬ 
ample the bean, it is digested and 
absorbed by the developing embryo: 
in others, for instance corn, it forms 
a part of the seed which is later ab¬ 
sorbed by the young plant when it 
germinates. During the dev'elo 7 >ment 
of the seed the remainder of the 
female gametophyie disapiDcars. 

The outer and inner integuments 
which, it will be remembered, are a 
part of the previous sporophyie gen¬ 
eration, form protective seed coats or 
a single seed coat. 

In this description of the develop¬ 
ment of the seed we have accounted 
for the different parts of the ovule 
and have seen that three different 
generations in the life cycle of the 
jdant have contributed. The seed is 
an adaptation to life on land and 
the seasonal climatic changes to 
which life on land is particularly 
subjected. The embryo plant is jjro- 
tected during its early development 
and remains dormant until favor¬ 
able conditions for its further de¬ 
velopment arise. 

The seed contains sufficient stored 
food materials to provide for the 
growth of the embryo until the latter 
is able to manufacture its own food 
materials. Seeds differ much in gen¬ 



Suspensor 


Micropyie 


Fig. 9:7 Longitudinal section of an 
ovule of the shepherd’s purse Capsella, 
showing the early development of the 
embryo and the other structures which 
contribute to the formation of the seed. 
By permission from A Ttxlhook oj General 
Botany by Gilbert M. Smith, James B. 
Overton, Edward M. Gilbert, Rollin H. 
Denniston, George S. Bryan, and Charles 
E. Allen. Third Edition. Copyright 1935 
by The Macmillan Company. 


eral apjjcarance and the proportions 

of the internal structures depending on where the food materials are stored 
and the stage of development of the embryo. 

The structure of a seed may be conveniently studied in the seed of the 
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bean (Fig. 9:8). When split longitudinally, the seed is seen to be enclosed 
in two seed coats which are closely adherent to each other. The space in¬ 
side the seed coats is almost entirely fdlcd by the two seed leaves or cot¬ 
yledons which, being mainly concerned with the storage of food materials, 
appear unlike ordinary leaves. Between the two cotyledons and the seed 
coats, on one side, is the remainder of the embryo (the cotyledons, being 
seed leaves, are part of the embryo). This part of the embryo consists of an 
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Fig. 9:8 Seed of the bean and its germination. A, seed on its side; B, longitudinal sec¬ 
tion of the seed; C, beginning of germination; D, young seedling. By permission after 
The Elements of Botany by Francis Dar^vin. Copyright 1899 by The University Press, 
Cambridge. 


embryonic shoot and root. In the seed the development of the young sporo- 
phyte is suspended. That the embryo plant is still alive may be proved by 
showing that seeds respire, that is, take in oxygen and give off carbon di¬ 
oxide. Germination is the resumption of growth and development by the 
embryo sporophyte. For germination to occur certain conditions are neces¬ 
sary. The most important of these are water, a favorable temperature, and 
oxygen. Water softens the seed coats, causes the seed to swell and burst the 
seed coats, facilitates the passage of oxygen into the seed and of carbon 
dioxide out of it, and by entering into the protoplasm facilitates the move¬ 
ment of food materials and the processes of metabolism. For most seeds 
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there is an optimum temperature at which they develop most rapidly a 

maximum temperature above which they will not develop, and a minimum 

temperature belotv tvhich they tvill not develop. Oxsgen is necessary for 

the process of respiration by means of which energy for the growth processes 
IS liberated. 


The germination of a bean seed will serve as an example of how the 

young plant establishes itself (Fig. 9:8C, D). The embryonic root grows 

out and enters the ground. The stem then grows rapidly and lifts the 

cotyledons from the ground. .Soon there appears a young shoot with leaves. 

During this time the food materials stored in the cotyledons are being used 

\Vhen freed from the seed coats, the cotyledons become green and carry 
on photosynthesis. ^ 


F. SUMMARY OF THE LIFE CYCLE OF A SEED PLANT 

The life cycle of a seed plant (Fig. 9:9) may he compared to that of the 
fern. 
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Fig. 9:9 Life cycle of a flowering plant. 
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2. FLOWERS AND POLLINATION 

The flower of a plant is adapted to the way in which it is pollinated, 
tliat is. the way in which the pollen is transferred from the anthers to the 
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stigma. Some flowers are wind-pollinated. The pollen grains, being small 
and light, drop only very slowly in air and arc often borne considerable 
distances by the wind. Wind-pollinated flowers are usually inconspicuous, 
and the calyx or corolla or both may be much reduced. On the other hand 
the anthers of such flowers are usually well developed, for if there is to 
be a chance of pollen reaching the flowers of plants at a distance it must go 
into the air in large quantity. The stigma also is frequently lobed and may 
be developed into a nctlike structure which catches the pollen. 

Many flowers are pollinated by insects, which accounts for the great 
variety and the beauty of wild flowers. This is a much more efficient method. 



Fig. 9:10 Pollination in the common sage Salvia. A, a bee is visiting a flower and re¬ 
ceiving pollen from two anthers, an, which turn down upon the bee’s body as it enters. 
B, a flower with the anthers in the erect position and the stigma, st, ready to receive pollen. 
After Lubbock, by permission from Principles of Botany by Joseph Y. Bergen and Bradley 
M. Davis. Copyright 1906 by Joseph Y. Bergen and Bradley M. Davis. Published by 
Ginn and Company. 

for if an insect can be induced to go from one flower to another of the same 
species and carry pollen with it, not only may pollination be made more 
certain but also less pollen will be required. The problem then is not only 
to have the insect, be it a bee, fly, or moth, visit the flowers, but so far 
as possible to have it visit the same kind of flower, since pollen deposited 
on the flowers of another species is wasted. There have therefore arisen 
adaptations between flowers and insects. The insect identifies the flower 
by its color, shape, or odor, or by a combination of these, and is rewarded 
for its visit by a drop of sweet liquid, the nectar secreted by the flower. 
In many cases special adaptations have been developed to secure the trans¬ 
fer of the pollen. An interesting example is found in the common sage. In 
the flower of this plant the anthers mature earlier than the stigmas. By a 
peculiar mechanism (Fig. 9:10) the two anthers when ripe with pollen are 
pressed down on the body of the visiting insect while the still immature 
stigma of the same flower is protected in the upper part of the flower. As 
this flower becomes older the anthers wither and the style elongates and 
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bends downward placing the stigma in the path of another visitor. Even 

more complicated mechanisms to insure cross-pollination by insects are 
found in orchids. 


3. SEEDS AND FRUITS 


We seldom pause to think that human civili/ation is based fundamentally 

on the use of the seeds of certain cereal grains. W'ithout wheat, barley, rye. 

oats. corn, or rice it is doubtful that man would have ever become civilized! 

Even today with all the motlern advances these grains are the staple food 

of mankind and for the vast majority of peoples one or another of them 

IS the chief, often almost the onlv diet. Why is this? The reason seems to 

be that the seeds of tlicse plants have proved to be the best available 

primary source of carbohydrates, fats, and proteins. This is because these 

plants have stored them in their seeds in relatively concentrated form and 

tlie lurther fact that these plants are relatively easy to cultivate and to 

harvest. The cereal grains are of course not the only primary source of 

these food materials, which may be stored in other parts of ilie plant as 
will be referred to later. 

A fruit is developed from an ovary and its contained seed or seeds. How¬ 
ever, other parts of tlie flower may enter into the formation of the fruit. 
Fruits may be distinguished as dry and fleshy. I'hc grains referred to in 
the previous paragrapli are technically dry fruits. The grain is formed 
from an ovary but is mostly seed. Most of the various types of nuts are 
dried fruits. The fruits commonly so called arc fleshy fruits. Here the wall 
of the ovary and sometimes other parts of tlie plant form the Heshy or suc¬ 
culent part, although appetizing fleshy fruits in general contain, except in 
their seeds, little carbohydrate, fat. or protein material, being mostly water. 
Their nutritive value is chiefly in the minerals and vitamins which they 

contain. Examples of fleshy fruits are plum, peach, grape, tomato, orange, 
watermelon, apple, and pear. 


Fruits are adapted to the dispersal of the seeds and thus prevent over¬ 
crowding of the species. The dispersal is chiefly by wind or by animals. 
In the case of seeds dispersed by wind the fruit may take the form of a pod 
from which the .seeds arc shaken into the wind, as in the poppy. In other 
cases the dried fruit is provided with wings as in the case of the maple, or 
with tufts of hairs which act as little parachutes as in the dandelion.' In 
still other cases, the fruits take the form of burrs which become attached 
to the fur of animals and are carried by them. Fleshy fruits arc dispersed 
chiehy by being eaten by birds or mammals. The seeds of such fruits usually 

have a resistant covering which enables them to pass through the digestive 
tract unharmed. 



CHAPTER 10 

The Vegetative Organs of Seed Plants 


The vegetative organs of the plant body (sporophyte) of a seed plant 
include the leaves, stem, and root. 


1. THE LEAF 

It is in the leaves (and in some cases other chlorophyll-bearing struc¬ 
tures, such as the stem) of green plants that the manufacture of food sub¬ 
stances by photosynthesis occurs. This is why the leaves of a plant are so 

important to it and why when its leaves dry 
up or are killed a plant may die. 


A. EXTERNAL FEATURES 

Leaves vary greatly in size and shape 
from the tremendous leaves of some palms 
and tropical herbs to the minute scalelike 
leaves of some cedars, or from the long 
blades of the corn plant to the small needles 
of the pine. A typical leaf (Fig. 10:1) may 
be divided into three parts—the blade, 
which is the flat expanded portion, the 
stalk or petiole, and the base or region of 
attachment, which is usually broader and 
thicker than the petiole. The blade of the 
leaf may be either simple like that of the 
sunflower or divided into leaflets like that 
of the horse chestnut, which is said to be 



Petiole 
Bose 

Fig. 10:1 A typical leaf. By 
permission after Elements of Plant 
Science by Charles Joseph Cham¬ 
berlain. Copyright 1930 by Mc¬ 
Graw-Hill Book Company, Inc. 


compound. Intermediate between these are lobed leaves such as those of the 
oak or maple. Almost all of the common gymnosperms, like the pine, have 
narrow needle-Iike leaves. The margin of the leaf blade may be smooth or 
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toothed Running through the blade can be seen a network of veins. These 

consist of conductutg tissues which bring water and dissolved substances t" 

the leaf and take manufactured food materials from it to other parts of the 

plant. The yems are especially well seen in the leaf skeletons found on the 
ground in the late autumn or early spring. 

Leaves may take on other functions in addition to or in place of their 
function m the metabolism of the plant. In the garden pea, which has com¬ 
pound leaves, certain of the leaflets become tendrils, used in climbing 
Certain plants which usually grow under conditions in which they are 
unable to get nitrogen from the soil, have, like the pitcher plants, leaves 

modified for catching and digesting insects from which they obtain nitro¬ 
gen. ' 


B. INTERNAL STRUCTURE 

The internal structure of the leaf is best seen in a thin cross section, pass¬ 
ing from the upper to the lower surface (Fig. 10:2). Covering the surface 
of the leaf are the cells of the epidermis. The exposed cell walls of the epi¬ 
dermal cells contain a substance called evtin wliich makes them less per¬ 
meable to water and prevents the drying up or wilting of the leaf. The 
epidermal cells are without chloroplasts. except in the guard cells to be 
described. In the lower epidermis and less frequently in the upper epidermis 
are slit-like openings or stomata (singular, stoma) which lead into inter¬ 
cellular air spaces within the leaf. Each stoma is surrounded by two guard 
cells, one on cither side. These guard cells which are sausage-shaped and lie 
side by side with their ends in contact are so arranged that when the air 
about the leaf is humid and the cells swollen the stomata arc open, while 
when the air is dry and the cells shrunken, tlie stomata are closed' They 
provide a mechanism by which air is exchanged between the air spaces and 
the outside without danger of the cells in the interior of the leaf drying up. 

The greater part of the interior of the leaf is occupied by a tissue com¬ 
posed of cells containing chlorophyll and loosely adherent to each other. 
Immediately under the upper epidermis this tissue takes the form of palisade 
tissue, the cells of which arc elongated and arranged side by side perpen¬ 
dicular to the surface of tlie leaf. These cells contain abundant chloroplasts. 
Elsewhere the tissue takes the form of spongy tissue, in which the cells are 
irregular in sliapc and surround the intercellular air spaces which com¬ 
municate with the exterior through tlic stomata. The air within the inter¬ 
cellular air spaces is saturated with water vapor, and a thin film of water 
adheres to the walls of the cells bounding the spaces. Extending through 
the spongy tissue are the veins. 
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The primary functions of leaves are the manufacture of sugar by photo¬ 
synthesis and the evaporation of water to maintain a current of water 



Fig. 10:2 Portion of the blade of a sunflower leaf in section, showing the relations of 
the various parts. By permission from A Textbook oj General Botany by Gilbert M. Smith, 
James B. Overton, Edward M. Gilbert, RoUin H. Denniston, George S. Bryan, and 
Charles E. Allen. Third Edition. Copyright 1935 by The Macmillan Company. 

through the plant. Photosynthesis occurs in the cells of the palisade tissue 
and the spongy tissue. 


C. PHOTOSYNTHESIS 

The raw materials required for photosynthesis are water and carbon 
dioxide. Water is obtained by the roots from the soil and passes to the 
cells of the leaf through the conducting tissue of the root and stem. The 
carbon dioxide is obtained from the atmosphere and diffuses through the 
stomata into the intercellular air spaces. Being soluble in water the carbon 
dioxide passes into the film of water which covers the cells lining the air 
spaces and diffuses through the cell walls and plasma membranes into the 
cells. In pursuing this path, the carbon dioxide passes from regions of 

higher to regions of lower concentration. 

A simple chemical equation is sometimes used to express photosynthesis: 

6 C02 + 6 H 2 O + Energy —>■ CfiH]206 -f- 6 O 2 

carbon dioxide water glucose oxygen 
















Art. 1 THE LEAF 

1 29 

The process is by no means as simple as this equation would seem to indi¬ 
cate. It probably occurs in several steps and a number of enzymes are re¬ 
quired. ^ 

T],e energy required lor photosynthesis is received in the form of light. 
The leaves of a plant usually arrange themselves so as to shade each other 
as httle as possible and have their upper surfaces at right angles to the 
light rays. Not all of the light which strikes a leaf is absorbed; some is re- 
Hected and some passes through. .Also, not all of the light which is absorbed 
y the leaf is absorbed by the chloroplasts and not all of that which is 
absorbed by the chloroplasts is utilized in photosynthesis. This is well 
shown by an experiment in wbicb variegated leaves, that is, leaves with 
white, chlorophyll-free patches, were used. Measurements obtained in such 
an experiment arc shown in Table 10:1. 


TABLE 10:1. EFFICIENCY OF THE PHOTOSYNTHETIC PROCESS 


Amount of energy falling on upper surface of leaf per unit of surface 
Energy absorbed by green part of leaf per unit of suiface 
Energ)' absorbed hv thloiophyll-frce part of leaf per unit surface 
1 herefore. energy absorbed by cblojoplasts of green part of leaf per unit surface 
Amount of energ)- acuiallv used in photosynthesis as dcterminc<l from the 
amount of starch piodiiced 


PER CENT 
100.0 
80.0 
70.0 
10.0 

3.5 


Thus in this experiment only about 3.5 per cent of the light energy falling 
on the leaf was used in photosyntlie.sis. The above value for the efficiency 
of the leaf in utilizing the sun's energy is considered to be rather high. 
Normally the efficiency is probably not much above I per cent. Inefficient 
as the green plant may be in utilizing the cncrg>- of the sun for the manu¬ 
facture of carbohydrate food materials, man has so far been unable to de¬ 
vise any method which can compete with it. 

For photosynthesis to occur the following arc necessary: 

(1) Raw materials (water and carbon dioxide). 

(2) Light energy. 

(3) Chlorophyll. 

(4) Living matter (or at least certain enzymes which occur in living mat¬ 
ter) . 

(5) A suitable temperature. 

Oxygen is a by-product of photosynthesis and when the process is ac¬ 
tively in progre.ss, oxygen is given off into the intercellular air spaces and 
diffuses out through the stomata. 


D. TRANSPIRATION 

Large quantities of water are given off by the leaf. The process is called 
transpiration (Fig. 10:3). Transpiration is due to evaporation of water 
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from the thin film of liquid which covers the surfaces of the cells bound¬ 
ing the air spaces in the leaf. The air in the air spaces is ordinarily satu¬ 
rated with water vapor and evaporation occurs only as this water vapor 
diffuses through the stomata. Diffusion through the stomata is controlled by 
the guard cells. These are so placed that when they are distended with 
moisture the stomata are wide open, while when they are contracted 
through lack of moisture the stomata are closed. Thus in humid weather 



Fig. 10:3 Diagram showing the paths of movement of water through and out of a leaf. 
The movement of water in liquid form is indicated by black arrows; that of water in the 
form of vapor, by light arrows. By permission from A Textbook oj General Botany by Gilbert 
M. Smith, James B. Overton, Edward M. Gilbert, Rollin H. Denniston, George S. Bryan, 
and Charles E. Allen. Third Edition. Copyright 1935 by The Macmillan Company. 

when diffusion would be slow it is facilitated by the open stomata, while 
in dry weather when it might be excessive and lead to injury to the cells, 
it is retarded by the closing of the stomata. Much of the moisture which 
is precipitated as rain comes into the atmosphere by transpiration from the 
vegetation of the earth. 

2. THE ROOT 

The main functions of the root are absorption of water and inorganic 
salts from the soil and anchorage in the ground for support of the shoot. 
In many plants the roots make up a system below ground quite as extensive 
as that of the stem and leaves above ground, and they play almost as im¬ 
portant a role. 


Arf, 2 THE ROOT 
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A. THE ROOT TIP 

f”-- ‘I*" P'^-‘ =*>-e the tips of the 
from th"" Tut""."!." " ttbsorbs tvater 

tip of the root of a young seedling (Fig. 10:4). The advantage of the root 


Mature 

region 



t 

Region of 
cell 

differenfiotion 


Region of 
elongation 




mo by M«j„..Hi,, tab L. o. ,b. iris’ 

section of a root tip through the regions shown on the left. By pe-rmission from A^Trxtbook 
oj General Botany by Gilbert M. Smith, James B. Overton, Edward M. Gilbert Rollin H 

Tl^rrmiSuTo^panT"’ """ ''' 

Of the seedling for a preliminary study lies in the fact that it can be grown 
in water alone and thus can be obtained for microscopic study free from 
the dirt which adheres to a root grown in the soil. 

If the root of such a seedling be examined under the microscope it will 
he found that the surface is covered for a considerable distance, from a 
point somewhat behind the extreme tip, with line transparent hairs (Fig 
10:5). These arc the root hairs. Further study of a root hair reveals that 
It is a process extending from one of the epidermal cells svjiich form the 
outer layer or epidermis of the root. There arc no cross walls in the root 
hairs. Fach root hair is merely a protru.ling part of an epidermal cell. The 





132 


THE VEGETATIVE ORGANS OF SEED PLANTS Ch. 10 


nucleus of the root hair cell is usually to be found in the root hair. The 
root hair cell contains a large vacuole. 

The extreme tip of the root is covered and protected by the rootcap, the 
outer cells of which are continually wearing away (Fig. 10:4) as the root 
pushes its way through the soil. Just above the rootcap the cells are small, 
cubical, filled with protoplasm, and frequently in the process of division. 
This region of the root is called the embryonic region because it is here 



Fig. 10:5 Root hairs. 


that there is the most active production of new cells. As we pass along the 
root from the embryonic region we come into regions in which the cells are 
progressively more and more differentiated. 

From the embryonic region already considered, we pass to a region of 
elongation in which the cells are growing in length. The next region is 
the region of cell differentiation. In this region the cells begin to undergo 
specialization and differentiation. Here the cells of the epidermis form root 
hairs and the cells of the axial portion begin to differentiate into conduct¬ 
ing tissues. The fourth and last region is called the mature region. It in¬ 
cludes the rest of the root tip and root. In it the cells become differentiated 
into the various tissues of the adult root. 

B. ABSORPTION OF WATER BY THE ROOT TIP 

9 

In the ground the root hairs are intimately in contact with the small par¬ 
ticles of which the soil is composed. Even in relatively dry soil there is always 
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a film of water over the individual grains of earth. It is from this film that 
thyoot hairs absorb moisture. Water passes easily through the cell walls 
and plasma membranes ol the root hairs and the epidermis of the root tip 
he surface of the rest of the root is impervious to water. Water on the 
leaves or stem of a land plant is not absorbed. An important factor in the 
absorption of water by the root hairs and epidermal cells of the root is the 
osmotic pressure within the cells. If this is greater than the osmotic pressure 
of the soil water, water is absorbed; if it is less, water may be lost by the 
root. On account of the readiness tvith which water passes through the cell 
walls and plasma membranes of root hair cells, plants die quickly when their 
root tips are exposed to drying or to a sohfion of higher osmotic pressure 
than that of their protoplasm. An application of the latter principle is seen 
in the placing of common salt around the roots of weeds to kill them. 

A growing plant absorbs large quantities of water from the soil. For 
example, the roots of a sunflower or corn plant may absorb during the 
growing season about fifty-live gallons of water. Due to transpiration, only a 
small portion of this water remains in the plant. 


C. ABSORPTION OF INORGANIC SALTS BY THE ROOT TIP 

Experiments have shown that a plant will glow as well with its roots 
in water as in soil if the water contains certain inorganic salts. Of course 
such a plant must be artificially supported, as the root cannot carry out in 
water its function of anchorage and support. With its root in a solution 
conuining the salts in Table I0;2 a plant will thrive as well as in the most 
fertile soil and produce an excellent yield. The same result has been ob¬ 
tained with certain other relatively simple solutions. It does not follow, 
however, that conditions are equally simple in nature. Soil water does not 
always or even usually contain the above salts in the proportions required 
by the plant. More usually it contains a variety of salts, some of which can 

TABLE 10:2. A SOLUTION OF INORGAXTC SALTS IN WHICH 

A FLA.N'l WILL GROW 

s\i;i 

Calcium nitrate 

Potassium nitrate KN'O. 

Potassium phosphate KH..PO, 

Magnesium sulphate MgSO^ 

Iron phosphate FePO, 

be used by the plant and some of which cannot, and the plant has to make 
the best of the situation. 

The inorganic salts do not simply pass with water through the plasma 
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membrane into the cell. They may and usually do diffuse into the cell in 
different proportions from those in which they occur in the water of the 
soil. 


3. THE STEM 

We have already seen how the growih and differentiation of the tissues 
of the root begin at the tip of the primary root and at the tips of its 
branches. Similarly the growth and differentiation of the tissues of the stem 
begin in the buds at the ends of the stem and its branches. A bud contains 


Epidermis 

Cuticle 


Mechanical tissue 
Parenchyma 



Phloem 

Cambium 

Xylem 


Vascular 

bundle 


Fig. 10:6 Portion of a cross section of an alfalfa stem. By permission from A Textbook of 
General Botany by Gilbert M. Smith, Edward M. Gilbert, Richard I. Evans, Bcnj 2 UTun M. 
Duggar, George S. Bryan, and Charles E. Allen. Fourth Edition. Copyright 1942 by The 
Macmillan Company. 


an embryonic region similar to that in the root tip, and the region cor¬ 
responding to the region of elongation in the root develops as the bud 
opens and the young stem grows out. 

The arrangement of the tissues of the stem differs to some extent in dif¬ 
ferent types of plants. We may choose for study the stem of an alfalfa plant 
(Fig. 10:6). The conducting tissues are grouped in vascular bundles which 
take the form of long strands extending lengthwise in the stem. The vas- 
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cul^ bundles are arranged so that they form a nearly complete cylinder 

^ htch appears in cross section as a ring. Outside the vascular bundles the 
Stem IS composed mainly ol 


roughly spherical, actually poly¬ 
hedral, cells, called parenchytna 
cells, in which food materials are 
stored, and elongated thick-walled 
cells which form a mechanical 
tissue and help to stiffen the stem. 
A vascular binidle consists of 
three main tissues; on the outer 
side is the phloem, containing 
sieve tubes, in which food mate¬ 
rials are conveyed up and down 
the stem; on the inner side of the 
vascular bundle is the xylem, con¬ 
taining the xylem vessels which 
conduct water and other fluids: 
between the phloem and the 
xylem is the cambium, consisting 
of undifferentiated cells which, as 
tbe stem grows in thickness, give 
rise on the one hand to new 
phloem cells and on the other 
hand to new xylem cells. Asso¬ 
ciated with the phloem and the 
xylem in the vascular bundles arc 
fibers of mechanical tissue. Inside 
die cylinder formed by the vascu¬ 
lar bundles is the pith, which con¬ 
sists of parenchyma cells similar to 

those in the outer portion of the 
stem. 

In a tree the wood which makes 
up the greater part of the trunk 



F>g- 10:7 Conducting tissue from the stem of a seed plant. A, a portion of a sieve 
tube. The protoplasm has shrunk away from the walls of the tube in making the prep¬ 
aration. B, a cross wall in a sieve tube, the end wall of a sieve tube cell, showing 
pores. C, a xylem vessel with spirally thickened walls. Xylem vessels do not contain 
protoplasm. By permission from A Tfxtbook oj Central Botany by Gilbert M. Smith 
James B. Overton, Edward M. Gillxrt, Rollin H. Denniston, George S. Bryan and 
Charles E. Allen. Third Edition. Copyright 1935 by The Macmillan Company. ’ 


t 
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is composed of xylem vessels together with a considerable amount of me¬ 
chanical tissue. The phloem and the active xylem vessels form a relatively 
thin layer of tissue just under the bark. In the case of a hardwood tree such 
as the oak, there is a relatively larger amount of mechanical tissue, and this 
gives the wood its hardness. In a softwood tree such as the pine, there is 
relatively little mechanical tissue. 

A sieve tube is formed by the union, end to end, of a number of elongated 
cells (Fig. 10:7). In the end walls of the cell pores are developed through 
which the cytoplasm of adjoining cells becomes continuous. The cyto¬ 
plasm persists in the cells, but with the completion of the differentiation 
of the sieve tube the nuclei of the cells disappear. A xylem vessel is formed 
also by the union, end to end, of elongated cells (Fig. 10:7). Here, how¬ 
ever, the end walls disappear, and also the protoplasm of the cells, so that 
there remains only the long, thin tube formed by the cell walls, 

4. THE CONDUCTION OF LIQUIDS THROUGH THE PLANT 

The absorption of water by the roots of a plant and its transpiration 
from the leaves were discussed in the sections dealing with these organs. 
The complete path of the water includes the conducting tissue of the root 
and stem. This current of water, called the transpiration stream, carries in 
solution various substances required by the plant and distributes them to 
the tissues. In the case of the giant Sequoia of the West, water may be 
moved upward a distance of over three hundred feet. What is the mechan¬ 
ism which moves the water? 

A complete explanation of the ascent of water in tall trees has not so 
far been offered. However, four important factors are known to be at work. 
They may be stated as root pressure, transpiration, capillary attraction, and 
the cohesion of liquid water. 

In discussing the absorption of water by roots we have already con¬ 
sidered the difference in osmotic pressure between the contents of the 
root hair cells and the soil xvater. This gives rise to the root pressure which 
tends to force water upward. The water in the xylem tubes wets the walls 
of the tubes and so gives rise to a capillary attraction which tends to make 
the water rise in them. It can be shown that transpiration from the leaves 
can exert an upward pull on the water in the xylem tubes. This effect is due 
to the cohesive strength of water when in a narrow tube. Cohesive strength 
is the ability of a substance to resist forces tending to pull it apart. It has 
been shown that water under the conditions present in the xylem vessels 
may have a cohesive strength equal to that of a steel wire. 

While the water and mineral salts are carried mainly in the transpiration 
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stream in the xylem, it is generally believed that the transport of soluble 
organic food substances, called translocation, occurs chiefly in the phloem 
Evidence for this is provided by the observation that when a tree is .irdled, 
hat IS, when a ring of bark including the phloem is stripped from a tree 
organic food materials accumulate above the girdle: and by the discovery of 
organic substances, including sugars and proteins, in the cytoplasm of the 
sieve tubes. Translocation occurs also radially in the stem and root. 


5. FOOD MATERIALS AND THEIR DISTRIBUTION 

Most of the sugar formed in active photosynthesis is converted into 
starch. In the absence of light, as during the night, this starch may be re¬ 
converted into sugar, that is, digested. In the soluble form of sugar, the 
carbohydrate can be distributed throughout the plant. Sugar is used by 
the plant in a variety of ways. It may be directly oxidized to provide energy 
to carry on synthetic processes other than photosynthesis; it may be turned 
into starch and stored in different parts of the plant as a reserve food; it 
may be changed to cellulose to form the cell walls; it may lose oxygen and 
be changed into fats; it may combine with nitrogen and other elements to 
form proteins; or lastly it may be built into the cell and become a part of 
the living protoplasm. 


6. RESPIRATION 

Respiration makes available the potential chemical energy stored in the 
food materials elaborated by the plant. In many respects it is the reverse of 
photosynthesis. In Table 10:3 photosynthesis and respiration are compared. 

table 10;3. CO.MPARISON OF PHOTOSYNTHESIS AND RESPIRATION 

I‘1IOTOsvmhf:sis respiration 

Carbon dioxide absorbed Oxygen absorbed 

Oxygen given off Carbon tiioxide given off 

Carbohydrates formed Carbohydrates used up 

Energy' stored up £ncrg> set free 

While respiration takes place in all living cells at all times, photosynthesis 
takes place only in cells containing chlorophyll and only when they are ex¬ 
posed to light. 


7. FOOD STORAGE 

Food materials in the form of carbohydrates, fats, and proteins may be 
stored in almost any part of the plant. Such materials are usually put into 
storage in the summer and early autumn and released in the spring or early 
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summer when growth is most active. Storage occurs chiefly in seeds, roots, 
and underground stems. In the roots and underground stems of perennial 
plants the material stored is protected underground and is immediately 
available for growth when conditions favorable to the species arise. In 
seeds the material is stored for the new generation so that it may get a 
good start in the competition for existence. It is because food materials are 
usually stored in seeds, roots, and underground stems that .man’s chief 
sources of plant food are grains, such as wheat, corn, oats, rye, and rice; 
roots, such as turnips, carrots, and beets; and underground stems, such as 
the potato. As already stated the amount of food material stored in juicy 
fruits is usually not large and they arc useful chiefly on account of their 
flavor and the vitamins which they contain. 

8. GROWTH AND GROWTH SUBSTANCES 

The growth of plants depends on a number of different conditions. Some 
of these are external to the plant, as light, temperature, and availability 
of water and other raw materials for the manufacture of food substances. 
Others are internal, including the heredity of the plant, the interrelations 
between the food and other materials in its body, and the presence or ab¬ 
sence of certain substances called growth substances. These growth sub¬ 
stances seem to be of two kinds called, respectively, vitamins and plant 
hormones. Both substances are produced in green plants, both are effective 
in low concentrations. The effect of vitamins on animals is discussed in 
Chapter 18. 

The existence and the effects of plant hormones can be shown by ex¬ 
periment. Young seedlings, particularly those of the oat, have proved 
especially favorable. If the tip of a growing seedling is cut off, growth is 
arrested. When the cut-off tip is replaced, growth is resumed. That a hor¬ 
mone produced in the tip is responsible can be shown by placing the cut¬ 
off tip on a block of agar jelly. When this block of agar is then placed 
on the cut-off end of the seedling, growth is resumed, showing that the 
hormone was transferred from the tip of the seedling to the agar and from 
the agar to the seedling. 

9. REACTIONS OF THE PLANT TO ITS ENVIRONMENT 

The plant cannot be considered alone; its life and activities depend not 
only upon its own structure and inherited tendencies, but also upon its 
environment. All are familiar with the fact that each species of plant re¬ 
quires a suitable soil and a suitable climate, and that differences in soil 
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and chmate produce difTerenccs in the growth and activities of the plant, 
A change in any of tfie factors of the environnicnt to which an organism 
responds by some change in its structure or activity is called a slim„l,>s. 

lants respond to many different kinds of stimuli. Some stimuli act in a 
general way on the whole organism. Such a general stimulus is heat. Up to 
a certain point plants tend to grow more rapidly the higher the tempera- 


The term tropism is applied to response to a stimulus possessing direc¬ 
tion. Examples of such stimuli are gravity and light. The main or primary 
root of a plant grows downward and is said to respond positively because 
the growth is in the same tlirection as the pull of gravity, which is the 
sumulus in this case. On the other hand, the stem is said to respond nega¬ 
tively since it tends to grow upward in a direction opposite to that of the 
pull of gravity. The leaves and toting stems tend to grow toward the light, 
^vhile roots grow away from the light. 

Other stimuli which may exert a directive influence on plant growth are 
differences in the quantity of moisture. Roots tend to grow toward the 
more moist regions of the soil. Response to differences in the concentra¬ 
tion of certain chemical substances is exhibited by many plants, while the 

tendrils and young stems of climbing plants respond to contact with solid 
objects. 


The bending of the root, stem, or leaf in response to a stimulus is due to 
unequal growth, one side growing more rapidly and becoming convex, 
while the other side grows more slowly and becomes concave. If a young 
bean seedling in which the root has been allowed to grow straight down¬ 
ward in response to gravity is later turned and held so that the root is 
horizontal, the part of the root formed after the turning will be directed 
downward. By making marks on the root it can be shown that this is due 
to growth being faster on the upper than the under side. These differences 
in rates of growth are due to plant hormones. 


10, THE PHYSIOLOGY OF THE PLANT AS A WHOLE 

It must not be forgotten that the different physiological processes out¬ 
lined in the foregoing sections of this chapter do not proceed indcpcndcntlv 
Transpiration is dependent on absorption and conduction; photosynthesis is 
tlependent on the conduction of water to the leaves; growth is dependent 
on the manufacture and distribution of food materials. 

The physiological activities of a plant are illustrated diagrammaticallv 
m Fig. 10:8. In studying this diagram certain facts should be kept in mind 
and should be emjsha.sized. Respiration occurs in all the living parts of the 
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plant and is most active when there is the greatest physiological activity. 
Growth occurs not only at the tips of the roots and the end of the stem. 



but wherever the cambium layer is active. Protein synthesis occurs in 
many different parts of the plant. Food may be stored anywhere in the 
plant body depending on the species of plant. 


part III. Animal Life 




CHAPTER 77 


Unicellular Animals 


We begin the consideration of tlic different groups of animals with the 
phylum whicli contains tlie simplest animals—the phylum Protozoa. The 
animals included in this phylum all consist ol a single cell or in certain 
cases of groups or colonies of single cells, each capable of carrying on an 

independent existence. 

1. AMOEBA 

An amoeba is about the size of the extreme tip of a well-sharpened pen¬ 
cil or a little smaller than the period at the end of this sentence. It is the 
most famous and the liest-known single-celled animal. Of the many won¬ 
ders which the microscope has revealed there is probably none whicli has 
had more fascination for the student. No one who has once seen its agi¬ 
tated grayi.sh and transparent form gradually flow across the field of view 
will ever forget the sight, and the thrill of looking at and through the very 
essence of life, naked 1 iving protoplasm. 

Amoeba usually occurs on dead leaves or other objects with which the 
bottoms of ponds arc covered (Fig. 11:1). In its body, which consists of a 
single protoplast, may be distinguished a clear outer portion, called ecto¬ 
plasm surrounded by a granular inner portion, called the ciidoplasm. The 
minute animal moves over the dead leaves or other pond material by 
dirusting out portions of its cytoplasm, called pseudopodio, in the direction 
m which it is going (Fig. 11:2). The term amoeboid movement has been 
applied to this characteristic mode of progression, which is regarded as prob¬ 
ably the most primitive method of locomotion among animals. 

The method by which an amoeba obtains its food is very different from 
that of a plant. It feeds on minute plants and on other animals which 
abound in the water in which it lives. These it captures by means of its 
pscudopodia. When an organism suitable for food is encountered pseudo- 
podia are thrust out around it and gradually enclose it along with a minute 
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drop of water (Fig. 11:3). Such a minute drop of water enclosing the meal 
and surrounded by a portion of the plasma membrane, which now lies 
within the protoplast, is called a food vacuole. The captured organism may 
be still alive when taken into the food vacuole and if it is a motile form 
may be seen swimming around in the water contained in the vacuole. 



Contractile 

vacuole 

Fig. 11:1 Amoeba. A diagram showing the internal structure. By permission from 
Animals without Backbones; an Introduction to the Invertebrates by Ralph Buchsbaum. Copy¬ 
right 1938 by The University of Chicago. 

To be used as food the captured organism must be digested. Digestion 
consists in making the nutritive material soluble, so that it can pass through 
the membrane lining the food vacuole into the cytoplasm of the amoeba. 
To become soluble the material must be changed chemically. These chem¬ 
ical changes are brought about in the food vacuole. Enzymes are formed m 
the cytoplasm of the amoeba and pass through the vacuolar membrane into 
the food vacuole. The nature and activities of enzymes were discussed m 
Chapter 4. By their action the insoluble organic materials which are con¬ 
tained in the food materials are broken down into simpler soluble sub¬ 
stances. The process by which these soluble substances pass through the 
plasma membrane into the cytoplasm of the amoeba is called absorption. 
The material absorbed through the plasma membrane into the protoplasm 
is eithei stored in it as reserve food material or built up into new proto¬ 
plasm. This latter process is called assimilation. Not all of the materials 
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m the captured organism can be digested bv the enzymes produced by the 
amoeba: some remain undigested and insoluble. Alter the digested ma¬ 
terial has been absorbed through the plasma membrane ot the lood vacuole 
into the protoplasm of the amoeba, the remaining contents of the food 
vacuole are expelled. This process of expulsion of undigested material is 
called cfefecdtiun. In the case of ticfecation the material expelled never has 
passed through the plasma membrane and never really formed a part of 



Fig. 11:2 Amoeboid movement. Successive changes in the locomotion of an amoeba. 
The direction of movement is toward the top of the page. 1-8 successive stages. Modified 
after Verworn, by permission from Foundations of Biology by Lorandc Loss Woodruff. 
Sixth Edition. Copyright 1941 by The Macmillan Company. 


the cell. In this respect defecation is quite different from excretion, which i.s 
considered in the next paragraph. 

The vital processes carried on I>y the protoplasm of the amoeba require 
energy. Energy is needed for the manufacture of the more complicated 
kinds of food materials, for the building up of new protoplasm, for the 
niovemcnt of materials within the protoplasm, and for the locomotion of 
the amoeba. The energy for all these activities comes from the breaking 
down and oxidation of food materials, especially that class of food materials 
called carbohydrates, of which sugar is an example. To this process of oxi¬ 
dation as carried on in living cells we have already applied the term respira¬ 
tion. An amoeba can live only in water which contains a certain amount 
of oxygen in solution, which oxygen usnally gets into the water from green 
plants during the day and from the surrounding air at all times. The oxygen 


U6 


UNICELLULAR ANIMALS Cb. 11 


in solution in the water passes through the plasma'membrane of the amoeba 
into its protoplasm. Similarly the carbon dioxide formed in the protoplasm 
as a result of respiration is passed out through the plasma membrane into 
the water. Other materials besides carbon dioxide arise from the break¬ 
ing down of food materials and protoplasm, for example, urea, which con¬ 
tains nitrogen. These materials are also passed out through the plasma 



Fig. 11:3 Amoeba feeding. A series of drawings made at short intervals of an individual 
capturing a cyst of Euglcna (food body). By permission after Tfv Behavior of the Lower 
Organisms by H. S. Jennings. Copyright 1906 by The Columbia University Press. 


membrane. The giving off of these materials is called excretion. It will be 
noticed that the materials given off in excretion were actually in the proto¬ 
plasm and there took part in living processes. 

In the cytoplasm of the amoeba are various small granules, which consist, 
in most cases, of stored food materials. If these granules are watched it will 
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Fig. 11:4 Amoeba dividing. 1-5, successive stages. By permission from Foundations of 
Biology by Lorande Loss Woodruff. Sixth Edition. Copyright 1941 by The Macmillan 
Company. 

be seen that they are moved about by a continuous stream of the cytoplasm- 
This movement is probably related to the formation of pseudopodia, but 
it is also concerned in the distribution throughout the protoplast of the 
materials involved in the processes of metabolism. A conspicuous structure 
in the cytoplasm of the amoeba is the contractile vacuole (Fig. 11:1) - This 
appears as a clear round body which periodically disappears, sending its con- 
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tents, wliich :n'e mosilv water, to llie oiitsule. 7 lie contractile vacuole pro!)- 
ably aids in excretion, hut its main lunction would seem to be to relieve 
the protoplasm ol excess \vater. 

Amoeba reproduces by division (Fi<r. 11:4). First tlic nucleus divides 
and then the cytoplasm becomes constricted and eventuallv divides, form¬ 
ing two daughter individuals wliicli separate and grow to tlie si/e of the 
parent, when thev in turn mav divide. 


2. PARAMECIUM 

Paramecium is a relativclv elongated, single-celled animal which lives in 
stagnant water. One end which, since it is usually kept in advance, is re- 
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Fig. 11:5 Paramecium. By permission from College ^oology by Robert W. Hegner. 
Third Edition. Copyright 1931 by The Macmillan Company. 


garded as the anterior, is rounded and flattened, while the other end, the 
posterioi-, is pointed. Since this general shape suggests a slipper the Para¬ 
mecium is sometimes called the “slipper animalcule.” Extending from the 
flattened side of the anterior end, backward and toward one side to about 
the middle of the body, is a groove, the oral groove (Fig. 11:5). The entire 
surface of the body, including the oral groove, is covered with fine hairlike 
processes called cilia. The cilia beat the water in such a way as to make the 
animal move forward. When viewed under the microscope a ciliated surface 
resembles a field of wheat over which a gust of wind is passing, the down¬ 
ward movement of the stalks of wheat corresponding to the backward beat 
of the cilia, which force the animal fonvard. An outer layer of ectoplasm 
surrounding an inner granular endoplasm can be distinguished in the cyto- 
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plasm. In the ectoplasm are small oval bodies. When the paramecium is 
irritated, these small bodies, or thread capsules, send out long fine threads 
into the surrounding water. 

The oral groove is continuous through a mouth with a short tube, the 
gullet. Paramecium feeds mostly on bacteria. These are driven by the move¬ 
ment of the cilia in the oral groove into the gullet, through which they 
pass. At the end of the gullet, food vacuoles like those of Amoeba are 
formed. In the food vacuoles digestion occurs, as in Amoeba, and the nutri¬ 
ent material is absorbed. Owing to a movement of the cytoplasm similar 
to that which occurs in the cells of the leaf of Elodea, the food vacuoles 
are moved along a course Avhich carries them from one end of the animal 
to the other. After the nutritive material has been absorbed from a food 



Fig. 11:6 The spiral path of a free swimming paramecium. The aminal is moving from 
left to right in the diagram. After Jennings, by permission from College ^oology by Robert 
W. Hegncr. Fifth Edition. Copyright 1942 by The Macmillan Company. 


vacuole the undigested material is expelled through a temporary opening 
called the anus, which always re-forms at the same point on the surface of 
the body. At each end of the animal is a contractile vacuole into which 
open radial canals from the surrounding cytoplasm. The contractile vacuoles 
are lined by a plasma membrane. Their function is probably the same as 
that of the contractile vacuole of Amoeba. Oxygen is taken in through the 
plasma membrane over the entire surface of the body, and through the 
plasma membrane carbon dioxide and the excretory products are passed to 
the exterior. 

In traveling through the water, Paramecium follows a spiral course. The 
beat of the cilia is obliquely backward and across the body so that, while 
they force the animal forward, they also rotate it on its longitudinal 
axis. Also the cilia in the oral groove beat more vigorously than those over 
the rest of the surface of the body so that the body of the paramecium 
tends to swerve away from the side of the oral groove. However, the rota¬ 
tion on the axis causes the animal as a whole to move in a spiral rather 
than a circle (Fig. 11:6), 

One wonders how an animal as simple as Paramecium is able to pick its 
way among the many obstacles in the pond and to find its food. Care u 
study has shown that on the whole the behavior of Paramecium conforms 
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to a few simple patterns. One of these is tlie ox'oiding reaciion. Wiien the 
animal encounters a solid object or an iiniavorable chemical environmeni 
in its path, the cilia reverse their action and the animal moves backward 
for a short distance (Kig. 11:7). It then stops. 'I'he anterior end moves in 
an arc of a circle aiul water still enters the oral groo\e. When the water 
sampled in the oral gTOo\c is suitable, forward movement is resumed in a 
new direction. 11 the object or chemical is rc-encountcred the reaction is 
repeated, and will be repeated until a satisfactory course results. This 
type of reaction in which the animal seems to try and try again until it suc¬ 
ceeds, has been called trial and error. 

The nucleus of Paramecium mav be considered as consisting of two 
distinct parts, a larger part called the xnacroniicleus, and a smaller part, 



ig. 11:7 Diagram of the avoiding reaction in Paramecium. A is a solid object or other 
source of stimulation. 1-6, successive positions occupied by the animal. (Rotation on the 
long axis is not shown.) After Jennings, by permission from College by Robert V\'. 

Hcgncr. Fifth Edition. Copyright 1942 by The Macmillan Company, 


separated from this but lying close to it, called the ?n{cron}irleus. The 
macronucieus seems to be concerned cbicfly with the metabolism of the 
animal and the micronucleus with reproduction. 

Paramecium reproduces asexually by transverse division (Fig. 11:8). 
Both the micronucleus and the macronucieus divide. Tliis is followed by a 
constriction of the body in the middle region, the old gullet and oral 
groove going with the anterior half while a new gullet and oral groove 
arc formed in the posterior half. 

At intervals a process called conjugation occurs which is usually fol¬ 
lowed by an increase in tlie rate of cell division. In this process two para- 
mccia come together and adhere at their ventral surfaces. Where liicy ad¬ 
here the cuticle and plasma membrane disappear and ihc pioioplasni of 
the two individuals becomes (onflueiii forming a protoplasmic bridge. 
Then follows a series of nuclear divisions and disinicgtaiions at the end 
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of which each of the conjugating individuals comes to contain two micro¬ 
nuclei. After this, one of the micronuclei from each individual moves across 
the protoplasmic bridge into the other individual and fuses with the micro- 



Fig. 11:8 Paramecium dividing transversely. A, B, C, and D, successive stages. Drawn 
from a fixed and stained preparation. By permission from Co//fgf ^oo/o^ by Robert VV. 
Hcgner. Fifth Edition. Copyright 1942 by The Macmillan Company. 


nucleus which was left behind. The union of these two micronuclei may be 
considered a form of fertilization similar to that which occurs in sexual 
reproduction. 


3. OTHER PROTOZOA 

The phylum Protozoa is divided into four classes, the classes being dis¬ 
tinguished by different methods of locomotion or the absence of locomo¬ 
tion. 

The class to which Amoeba belongs is characterized by locomotion by 
means of pseudopodia. It includes the minute shelled animals called Fo- 
raminifera (Fig. 11:9), which on account of their great abundance in the 
ocean serve as food for many other animals; and the minute globular 
animals with siliceous skeletons called Radiolaria, also abundant in the 
ocean. A number of species closely related to Amoeba but placed in the 
genus Endamoeba occur as parasites in the intestinal tract of other ani¬ 
mals. One species which occurs in man, Endamoeba histolytica, is the 
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cause of amoebic dysentery, a disease prevalent in the ox,rente Orient' 
In another class, loco.notion is by means „l Ions. 'vbi,tlike p.n.opl ,smic 
ptpsses. or llagella, wbtch give the ttame ••llagellates ’ to the ^oup 1 |,ese 
mals. tvhich are often tp.ite minute, are tvidely distributed in the soil 
ui f.esh water, n, the sea. a.nl as parasites in other anin.als. One species' 
Trtpanosonta gambiense. which lites in the blootl of man, is the etmse^ 
of .-Vfttcan sleep.ng sickness, a deadly tropical disease, .\nother form of 
constderable mterest is \ olvox. This forms spherical colonies which are 
cornet,mes abundant tn fresb-water ponds. The individuals are arranged on 
the su.lace of a small gelatinous sphere. Each individttal has two iL lla 

formed tnstde the parent colonies. \'olvox is of special interest as it seems 
to icprcsent an association of cells which ininht 

have led to the formation of a multicellular 
body. 

In the class to which Paramecium belongs, 
locomotion is by means of numerous fine proto¬ 
plasmic processes or cilia which give the name 
of "cihates” to the group. This group of Protozoa 
IS of interest on account of the very complicated 
structure which exists in a single cell. 

The fourth class is characterized by the lack 
of locomotion and the production of spores. The 
Protozoa in this group.are all parasites, and the 
many different species inhabit many different 
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kinds of animals. The malarial parasite may be taken as an example. At 
one stage in its life cycle this animal is found in the red blood cells of 
persons suffering from malaria. During this stage in the red blood cell the 
parasite, called a trophozoite, resembles a small amoeba (Fig. 11:10). The 
trophozoites divide at regidar intervals and the young forms, called mero- 
zoiles, break out of the old red cells and attack new red cells. The fever 
characteri«ic of malaria occurs when the merozoites leave the red blood 
cells, and is due to a poison liberated into the blood at that time. At certain 
times male and female individuals are formed in the blood, but sexual 
reproduction of the malarial parasite occurs in the stomach of a mosquito 
ol the genus Anopheles when the latter sucks the blood of an infected 
person. Tbe zygote that is formed becomes encysted in the w:ill of the 
mosquito’s stomach and asexual reproduction occurs there, leading to the 
ormation of sporozoites, which migrate to the salivary gland of die mos¬ 
quito. The parasite must spend about two weeks in the mosquito before 
11 can be transmitted to another lunnan host. From the salivary gland of 
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the mosquito the sporozoites may be injected into the blood when the mos¬ 
quito bites and thus cause infection. 

Probably more people have died from malaria than from any other single 
human disease. The method of prevention is now clear—the destruction of 
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Fig. 11:10 The life history of a malarial parasite, Plasmodium vivax, the cause of ter¬ 
tian malarial fever in man. Above is a diagram of a mosquito’s body in which sexual and 
asexual stages of the parasite are shown. Below is a human blood vessel in which the asex¬ 
ual stages are shown. By permission from College i^pology by Robert W. Hegner. Fifth 
Edition, Copyright 1942 by The Macmillan Company. 


the mosquito, Anopheles, in which the parasite must pass a portion of its 
life cycle and by which it is transferred to man. Quinine and atebrin 
kill the parasites in the blood of the patient. 


CHAPTER 12 

The Soclike Animols or Coelenterates 


All of the phyla of the animal kingdom with the exception of the phylum 

Protozoa already considered consist of multicellular animals. It will not be 

possible in this text to consider in detail all the phyla. Certain phyla have 

therefore been selected for study which illustrate important problems and 
principles of biology. 

The first of these phyla to be considered here is the phylum Coelenterata. 

ydra, described in Chapter 2. is a member of this phylum. This animal 
It will be remembered, has a saclike body which is attached to some object 
in the water at one end and at the other end opened to the exterior by a 
mouth surrounded by a ring of tentacles. The wail of the sac consists of two 
ayers of cells, an outer epidermis and an inner gasti odermis, which are 
separated by a layer of jelly. It will also be remembered that Hydra re¬ 
produces asexually by the formation of buds and sexually with the forma¬ 
tion of zygotes. Both types of reproduction produce individuals similar to 
the parents. 


1. A COLONIAL COELENTERATE 

Coelenterates frequently occur in the form of colonies. Obelia is a colony- 
forming type (Fig. 12:1). Like the majority of coelenterates, it is marine. 
The colony consists of numerous individuals not unlike individuals of 
Hydra. Indeed one can form a fairly good picture of the general structure 
of an Obelia colony by imagining a hydra to which the buds have remained 
attached. The colony consists of a stem from which many short branches 
arise and bear at their tips the individuals which in this case are called 
polyps. The stem and its branches constitute a living connection between 
the polyps. This is composed of epidermis and gasirodermis. which are 
continuous with the epidermis and gastrodermis of the polyps, and contain 
a gastrovascular cavity that is continuous with the gaslrovascuhir cavities 
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of the individual polyps. The stem and the polyps, in greater part, are 
covered by a non-living citinoiis layer. 

The polyps of a colony are of two kinds. The vegetative polyps are borne 
on the ends of the branches and liave numerous tentacles in a circle round 
the mouth. When the polyp is expanded the mouth is funnel-shaped. The 
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Fig. 12:1 Obclia. On the left, a colony bearing vegetative and reproductive individuals; 
on the right, above, a medusa, view of the underside; on the right, below, a medusa, side 
view. After Parker and Haswell, by permission from College ^oology by Robert W. 
Hcgncr. Fifth Edition. Copyright 1942 by The Macmillan Company. 


reproductive polyps, which are borne in the angles between the branches 
and the main stem, are without a mouth or tentacles, obtaining their nour¬ 
ishment, like the stem and branches, from the food taken in by the vege¬ 
tative polyps. These polyps form buds which become detached and grow 
into small free-swimming individuals, resembling jellyfish and called me¬ 
dusae. 

The general shape of a medusa resembles that of an umbrella (Fig- 
12:1). The animal is usually oriented in the water with it.s convex sur¬ 
face uppermost. From what corresponds to the rim of the umbrella extend 
numerous tentacles. At the lower end of a structure which corresponds to 
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.he Me of U,e ..„.brella is U.c .nc.h opening. The n.edusae are sexual 
iHliMduals, some producing sperms and others eggs. The /vgotes resultin,. 
lom the lertil.zation of the eggs develop into larvae which are at lust Ircc 

‘;;cTe.'"°''" 

tisrooKrT" 'I'e ^ame as that of a vegeta- 

pol^p. To compare the two. one must imagine the polyp invened 
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ciuced, but like that of the polyp it is lined with gastrodermis. Between the 

X nair T- j<^"y 'vhich giv es to the animal 
ine name of jellyfish, 

wilh rh^r'^T ‘°r " coelenterate such as Obelia 

the ife cycle of a plant such as the fern. The colony of Obelia may be 

compared to the sporophyte of the fern, and it has .he same function in the 

e cycle, namely, that of producing individuals, in this case medusae 

vhich become widely scattered and thus prevent overcrowding in th£ 

species. The medusa, on the other hand, may be compared to the ga.ne- 

P yte of the fern which, like it, reproduces sexually. It should, however 

e noted that while there is an alternation of generations in coclentcrates 

m.lar to that in the fern, the nuclear cycle in the cells is tpiite different 

1 coelenterates both generations are diploid and the reduction of the 

gameTeT”" ‘he 
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2. COELENTERATES IN GENERAL 

Coclentcraics arc cliaractcrized by the possession of a central gastrovascu- 
lar cavity enclosed by a body wall composed of two layers of cells, the 
epidermis and the gastrodermis, separated from each other by a layer of 
jelly, and opening to the exterior by a single opening, the mouth; and by 
the possession of peculiar stinging cells. Coclenterates are also in general 
radially symmetrical, that is, they have the kind of symmetry seen in a 
cart wheel, the various organs being arranged about a central axis. 

Included in the coclenterates are the large jellyfish seen floating in the 
ocean. Jellyfish do not form colonics but there is a small attached colonial 
stage in their life cycle. Coclenterates of another type frequently encoun¬ 
tered on the seashore are the sea anemones. These animals resemble 
Hydra but are more complicated in structure and usually much larger. 
They are often brightly colored and their rings of tentacles give them a 
flower-like appearance when viewed from above under water, a feature 
expressed in the name “sea anemone.” Somewhat similar to sea anemones 
are the coral animals w’hich are largely responsible for the formation of 
coral islands and reefs in the tropics. 


CHAPTER 13 

The Flatworms and the Roundworms 


The two groups of worms considered in this citapter are of interest be- 

cause they show what may have been important steps in the evolution of 

the higher animals and because some of them jirovide good examples of 
the parasitic mode of life. 


1. THE FLATWORMS, PHYLUM PLATYHELMINTHES 

Flatworms are so called because their bodies are llatiened dorsoventrally 

and are elongated. Three types will be brielly described: a planarian, a 
liver fluke, and a tapeworm. 

A. A PLANARIAN 

Planarians are small, elongated, flat, Icaflike creatures which are found 
in fresh water ponds clinging to or gliding over the under side of leaves 
(Fig. 13:1). Dugesia tigrina. formerly known as Euplanaria maculata, one 
of the commonest fresh-water planarians. reaches a length of fifteen mili- 
meters or three-fifths of an inch. One end. the broader, is kept in advance 
as the animal moves through the water and is therefore called the anterior 
end. The opposite end, called the posterior, is pointed. The upper, or 
dorsal, surface, is spotted with black; the lower, or ventral, surface, is white. 
A planarian is bilaterally symmetrical, that is. its organs and parts are 
arranged symmetrically on either side of the median plane which in this case 
extends from anterior to posterior and from dorsal to ventral. Most animals 
capable of active progressive movement are bilaterally symmetrical. Two 
eyespots appear on the dorsal surface of the head. The mouth opening is on 
the ventral side posterior to the middle of the animal. Posterior to the 
mouth is the small genital opening. The surface of the body is covered with 
cilia. The animal moves through the water by the coordinated beating of 
these cilia aided by an undulatory movement of the body. 
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The muscles %vhich enable the planarian to change the shape of its body 
consist of muscle fibers which are developed from cells. Some of the 
muscle fibers run in a circular layer just beneath the surface of the body, 
others run longitudinally. There is no skeleton. 

The mouth opens into a muscular pharynx which lies in a sheath ex¬ 
tending anteriorly from the mouth. When irritated or in search of food, the 
planarian is able to protrude its pharynx from the ventral side of its body. 

I'he pharynx leads into the digestive tract (Fig. 13:2). Immediately beyond 
its beginning, at the pharynx, the digestive tract divides into three main 
branches, one which extends anteriorly into the head giving off many 
branches, and two which extend posteriorly on either side of the pharynx to 
the extreme posterior end and which also on their way give off numerous 


^^Eye Genital pore 



Fig. 13:1 A planarian with its pharynx protruded. By permission from General ^oology 
by Tracy I. Storer. First Edition. Copyright 1943 by the McGraw-Hill Book Company, 
Inc. 

branches. Branches of the digestive tract thus extend to all parts of the 
body and distribute food material throughout their extent. These branches 
end blindly. T here is no anus. The undigested material is passed out 
through the mouth. Digestive juices are poured into the intestine from the 
cells which form its walls. The digested food is absorbed through the walls 
of the digestive tract. The cells of the digestive tract are also able, by means 
of pseudopodia, to ingest solid food. 

The excretoiy system, like the digestive system, consists of a number of 
branching tubes extending to all parts of the body. From two small pores 
opening anteriorly on the dorsal surface, two much-coiled longitudinal 
tubes extend down each side of the body. These give off numerous fine 
ramifying branches, each ending in the interior of a large flame cell. The 
cavity of each flame cell contains a bunch of flagella which in life are in 
active movement. The actual excretion seems to take the form of secretion 
of waste products through the wall of the tube. The function of the flame 
cells appears to be to stir the liquid in the tube and prevent it from be¬ 
coming too much concentrated in excretory products at the inner ends. 

Respiration is carried on through the surface of the body. 

The nervous system consists of two masses of nerve-cell bodies or ganglia 
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at d,e anterior end of the ani.nal fro.n whirl, two neve cords extend nos- 

bodv! ■’ ‘l>e 

/ 

There is no specially differentiated circulatory syste.n. As already noted 
the finer branches of the digestive tract cairy food to all parts of the body 
and the excretory system is also distributed throughout the o.ganism 
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A planarian. Internal structure, somewhat diagrammatic. On the richt 
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There is no body cavity: the spaces between the various organs arc oc- 
cupied by irregular cells. 

The reproductive organs and the process of sexual reproduction of pla- 

narians and of llatworins in general are complicated, and will not be 
described in this text. 

Asextial reproduction is common in planarians, the division to form the 
new individual usually occurring posterior to the pharynx. Related to 
asexual reprodtiction is regeneration, a process which is developed to a 
remarkable extent in planarians. If a planarian is cut in two pieces trans¬ 
versely or even if the animal is cut into smaller pieces each piece will re¬ 
generate the parts missing from it and form a complete animal. 


B. THE ORIENTAL LIVER FLUKE, CLONORCHIS SINENSIS 

The most important liver fittke from the standpoint of human disease 
IS the Oriental liver fluke, Clonorchis sinensis (Kig. I3;3). This lltikc is 
widely distributed iit the Far East, where it is a common parasite of dogs, 
cats, and pigs, as well as man. Man becomes infected from eating infettetl 
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fish. The adult fluke, which occurs in the ducts of the liver, is about 
one half incli long. The arrangement of the internal organs is somewhat 
similar to that in a planarian. The mouth is at the anterior end of the 
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Fig. 13:3 The Oriental liver fluke, Clonorchis sinensis, a parasite of the human liver. 
After Faust, by permission from College ^oology by Robert W. Hegner. Fifth Edition. 
Copyright 1942 by The Macmillan Company. 


body and opens into a short pharynx. The pharynx leads into two long 
digestive sacs which extend to the posterior end of the animal. These sacs, 
unlike those in a planarian and in many other liver flukes, are not divided 
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into line branches. 1 wo exerttory tubes, one on citlier side ot the body 
lead into an elongated bladder which opens to the exterior at tlie posterior 
end. These animals, as is the case in most llatworms, are hermophroditir. 
that is. each individual has both male and female reproductive organs. 
Fertih/ation is internal and the eggs pass through a long, mucli-coiled duct, 
called the uterus, to the exterior. 



are eaten by a small pond snail. When this occurs small ciliated larval 
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Fig. 13:4 Life cycle of the Oriental liver fluke Clonorchis. Three hosts are involved: 
man, a snail and a fish. By permission from Animals ivilhout Backbones an Introduction to the 
Invertebrates by Ralph Buchsbaum. Copyright 1938 by The University of Chicago. 

forms come out of the eggs and make their way into the tissues of the 
snail, where they curl up and form cysts. In the cysts asexual multiplication 
occurs and a second larval form is produced. These larvae reproduce again 
ascxually and give rise to large numbers of a third larval form called the 
cercaria, which escapes from the snail and swims about in the water in 
search of a fresh water fish. When it finds one it attaches itself to the skin 
and makes its way into the muscles, where it forms a cyst. When the fislt 
is eaten by a dog, a cat, or a man the walls of the cysts are digested and 
young flukes emerge and are carried to the intestine. From the intestine 
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the flukes make their way up the bile duct and through it into the liver. 
They then attach themselves by their oral suckers and feed on the blood 
of the host. Infection can be avoided by properly cooking the fish before 
it is eaten. 

C. OTHER FLUKES 

Another well-known liver fluke is Fasciola hepatica, which infests the 
liver of the sheep. 1 here is only one intermediate host, a pond snail, and 
tlie cercaria becomes encysted on a blade of grass. 

A blood fluke, Schistosoma haematobium, infects man. It is common in 
Africa and Madagascar and also occurs in southwestern Asia, southern 
Europe, and Australia. The intermediate host is a water snail and infection 
is through drinking water. 

In many pans of the Far East, Central America, and parts of the United 
Slates lung flukes of the genus Paragonimus cause a serious disease in man 
and some other animals. The life cycle of these parasites includes two inter¬ 
mediate hosts, occupied in succession; the ciliated larvae infect snails where 
the development proceeds to the cercaria stage. The cercariae attack fresh¬ 
water crabs, or in the United States, where no fresh-water crabs are known 
to occur, probably crayfish. Man becomes Infected by eating uncooked 
infected crabs or crayfish. 

D. A TAPEWORM, TAENIA SOLIUM 

Taenia solium is the pork tapeworm. Its immature stages occur in the 
pig especially in the muscles of the tongue, neck, heart, shoulder, and 
hams. The sexually mature stage occurs in the intestine of man. Infection 
is caused by the eating of insufficiently cooked pork. Man is the only 
animal known to serve as the final host. This parasite is fairly common 
in certain localities in Europe but is rare in most parts of the United Slates 
and in countries in which pork is not available or where there is a religious 
ban on the eating of pork. 

A tapeworm (Fig. 13:5) consists of a head scarcely as large as the head 
of a pin (about one millimeter in diameter), a short, thin neck and a 
number of flattened segments called proglottids. The head is armed with a 
ring of small hooks and four sucking discs by means of which it attaches 
itself to the wall of the intestine of its host, in this case man. A specimen 
of Taenia solium from the human intestine may reach a length of from six 
to ten feet. 

The proglottids are produced in the region just behind the neck by a 
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process analogous lo budding. The voungest pcoglonids arc .hose noa.cs. 
le neck and the oldest those furthest away. Each proglottid contains all 
organs necessary to carry on its existence and reproduce the species 

Nevertheless, the nervous and excretory .systeuts extend throughout the 
length of the tapeworm. ^ 

The food of the tapcwor.n is already digested for it by the digestive 
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juices of Its host. This digested food it absorbs through the entire outer 
surface of its body. There is no internal digestive system in the head or 
in the proglottids, either in the form of a digestive cavity or digestive glands. 

The excretory system is like that of the liver fluke and planarian. It con¬ 
sists of a branching system of tubes ending in flame cells. The nervous system 
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is essentially similar to that of the planarian and liver fluke and consists 
of a pair of ganglia in the head from which arise nerve cords which run 
the entire length of the worm. There are no sense organs. Each proglottid 
has a complete set of reproductive organs and is, therefore, termed hermaph¬ 
roditic. Like the reproductive organs of the planarian and fluke, they 
are quite complicated. T he reproductive organs occupy most of the pro- 
glottitl, ^vhich Avhen mature is little more than a sac of eggs. As the pro- 
glottids become mature and filled with ripe eggs, they become separated 
fiom the rest of the worm and pass out of the intestine on to the ground. 
There they decay and liberate their eggs. 

An interesting question arises regarding the tapeworm: Is the entire 
tapeworm one individual or are the separate proglottids individuals which 
are associated to form a colony? Probably the latter interpretation is the 
more correct since each proglottid would undoubtedly be capable of an 
independent existence had it some separate means of attachment or other 
means of staying in the intestine. 

A man infected with a single tapeworm may expel several ripe proglottids 
per day, each containing thousands of eggs. Each of these eggs contains a 
small embryo armed with three pairs of hooks. The further development 
of tliese embryos depends on their being ingested by another host, usually 
the pig, although it may be a man if his food becomes contaminated with 
the eggs. The embryos then bore through the wall of the intestine and 
make their way or are carried in the blood to the muscles. After arriving 
in the muscles they grow into bladder loorms (Fig. I3:5D). As the name 
“bladder worm” implies, this stage is bladder-like. The head of the tape¬ 
worm is developed inside the bladder. When uncooked pork or other meat 
containing bladder worms is eaten, the head is everted and the worm, lib¬ 
erated in the intestine, attaches itself and forms proglottids. 

E. OTHER TAPEWORMS 

Four species of tapeworm occur fairly frequently in the adult stage 
(proglottids) in man. They are the fish tapeworm, Diphyllobothrium 
latum, the pork tapeworm. Taenia solium, the beef tapeworm. Taenia 
saginata, and the dwarf tapeworm, Hymenolepis nana. 

The first tapeworm, Diphyllobothrium latum, occurs in central Europe, 
the Baltic countries, central Asia, Manchuria, Japan, Madagascar, and in a 
few places in Africa and North America. It is the largest of the human 
tapeworms, reaching a length of over thirty feet. There are two intermediate 
hosts. The ciliated larvae are eaten by small crustaceans of the genus 
Cyclops, in the body cavities of which they undergo a part of their develop- 
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ment. \Vhen the cyclops is eaten by a fish the larvae burrow through the 
intestine and reach the muscles. 1 here they develop into elongated worni- 
hke animals with an inverted head. When uncooked iniected fish is eaten 

by man the head is everted, the tapeworm becomes attached to the intestinal 
wall, and proglottids begin to be formed. 

The life history of the beef tapeworm. Taenia saginata. closely parallels 
Uiat described for the pork tapeworm, with cattle as the intermediate hosts 
in place of pigs. The muscles of the jaws and heart are the parts of the 
beef most commonly infected and it is these parts which are usually ex¬ 
amined in meat inspection. Cattle become infected by the ingestion of tlic 
eggs of the parasite. In Europe and America where cattle are kept under 
fairly hygienic conditions, infection is rare, but in the tropics where cattle 
often eat human fecal matter, the bladder worms may be very numerous. 
The beef tapeworm is widely distributed but is especially common in parts 
of Africa, Syria, and Tibet, where raw or partially cooked beef is eaten. 
It is exceedingly rare among Hindus, since their religion prohibits the 
eating of beef. 


The dwarf tapeworm, Hymenolepis nana. is a small, short worm. It is 
peculiar in that its entire life cycle takes place in a single host, the embryos 
boring their way into the wall of the intestine and developing there into a 
bladder-wormlike stage from which they emerge into the intestine again as 
adults. The distribution of the dwarf tapeworm is world-wide. "It is the 
commonest tapeworm in the southern United States, where about 1 to 2 
per cent of the population, especially children, arc infected. In Europe it 
is especially common in Italy. In India as high as 18 to 28 per cent of the 
population was found by the writer to be infected.” ^ 

Two species of tapeworm occur fairly commonly in man in the larval 
stage. They are the pork tapeworm, Taenia solium, already referred to, and 
Echinococcus granulosus. The adult echinococcus is a minute worm, re¬ 
sembling Taenia solium in structure. It is very common in the intestines of 
dogs from which the eggs or ripe proglottids are expelled in the feces. 
Other mammals besides man may act as the host of the larva. Human 
beings become infected through the drinking water or handling infected 
dogs. Children are more commonly infected than adults from kissing dogs 
or allowing them to lick the face. The eggs hatch in the intestine. The 
larvae bore through the intestinal wall and enter the blood stream in which 
they are carried about. They usually become caught in the capillaries of the 
liver or lungs and there begin to form bladder worms. The bladder worms 
grow very slowly but may continue for years, reaching an enormous size. 
Echinococcus granulosus is most frequent in sheep and cattle countries, 


'Chandler, Introduction to hfuman Parasitolo^. 
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since these animals may serve as hosts for the larvae, and dogs are used for 
herding. Human infection is common in Iceland, Africa, Australia, and 
South America south of Brazil. The only treatment for the disease is the 
surgical removal of the bladder worms when this is possible. 

2. THE ROUNDWORMS, PHYLUM NEMATHELMINTHES 

Tn the tube-within-a-tuhe type of structure, which is exemplified in the 
roundworms, the animal consists of an outer tube, called the body wall, 
^\hich sunounds a cavity within which is anotJier tube called the digestwe 
tube, alimentary canal, or digestive tract, opening at one end of the animal 
b\ a niouili and at tlie other end by an anus. The material to be digested 
is taken in at the mouth and the unabsorbed residue is passed out at the 

anus as tlie feces, the process of evacuation of this material being called 
defecation. 

A. A ROUNDWORM, ASCARIS 

As an example of this phylum, we take a parasitic roundworm, Ascaris 
lumbricoidcs, found in the intestines of horses, pigs, and man. It should 
be noted in passing tliat many, perhaps most of the Ncmathelminthes, are 
free-li\ ing. Ascaris is chosen on account of its large size (it reaches a length 
of twenty-five centimeters or ten inches), and the ease with which it may 
be dissected. The species name “lumbricoidcs” refers to the resemblance to 
tlie earthworm Lumbricus. Ascaris, however, is not divided into ringlike 
segments like the earthworm and, like most internal parasites, it is white in 
color. 1 he elongated body is pointed at both ends. At the extreme tip of 
one end, which, on this account, is distinguished as the anterior, is the 
mouth, a ti iangtdar opening surrounded by three lips. A short distance from 

4 

the other end is the afius. 

If the body wall of Ascaris be cut open, it will immediately be dis¬ 
covered that it contains a relatively large fluid-filled cavity extending the 
entire length of the body and containing various organs (Fig. 13:6). 

Among the various organs in the body cavity is the digestwe tract, which 
consists of a straight tube running from the mouth to the anus. Ascaris 
illustrates especially clearly what has been called the “tube-within-a-tube” 
type of animal body. The body cavity between the two tubes is closed by 
the fusion of the wall of the outer tube, with the wall of the inner tube at 
the mouth and anus. The mouth is found to lead directly into a muscular 
pharyux ^vith which the already digested materials from the intestine of 
the host are sucked in. This is followed by a long straight intestine con- 
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sisting of a single layer of columnar cells by which the nutricn. materials arc 
absorbed and passed into the body llnid. in which they are distributed to 

^11 C * ^ 1 - . .1 - 1 * • 


Mouth 


Excretory pore--: 


>! 




Excretory tube 


//. 


Genital pore-.^ 




Uterus- 


''Pharynx 


all parts of the body, there being no 
ciidilatory system sucli as occurs in the 
higher animals. 

T he body ^\'alI consists of epidermis 
and muscle (Fig. 13:7). Tiie outer sur¬ 
face is covered by a chxtinous cuticle 
secreted by the epidermis. AXhtliin the 
epidermis and bounding the body ca\ ii\’ 
is a layer of large muscle cells. These 
muscle cells are of considerable interest 
as they are believed to show how the 
more specialized muscle cells of higher 
animals may have been evobetl. The 
contractile portions of these cells lie im¬ 
mediately under the epidermis and ex¬ 
tend longitudinally. The cell bodies ap¬ 
pear in cross sections as roundetl masses 
projecting into the body cavity (Fig. 

13:7). Muscle cells are absent and the 
epidermis is thickened along four loiifM*- 

o o 

tiidinal lines extending the length of the 
body. Two of these lines are lateral, one 
dorsal, and one ventral. 

Two tubes which run in the lateral 
lines and open to the exterior by a 
single pore in the anterior region have 
been called “'excretory tubes” and as¬ 
signed an excretory function. Recent in¬ 
vestigations have shown, however, that 
their having such a function is extremely 
doubtful, and that excretion is prob¬ 
ably carried on by the body wall, the 
waste products being carried to the body 
wall from the other parts of the organ- 
i.sm in the fluid of the body cavity. 

The nen>ous system consists of a ring 

Fig. 13:6 A roundworm Ascaris lumbricoidcs. A female cut open to show internal 
organs. After Shipley and MacBridc, by permission from College ^oology by 
W. Hegner. Third Edition. Copyright 1931 by The hfacmillan CompLf. 
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of nen'ous tissue surrounding tlic pharynx and two nei-z>e cords running, 
one in the dorsal line of the thickened epidermis, and the other in the 
ventral line. 

I lie sexes are separate. In the female the genital opening is a small trans¬ 
verse slit in the niid-vcntral line at about one-third of the length of the 
worm from the anterior cml. It leads into a short tube which divides into 
two long convoluted tubes each called a uterus. The thin upper portion of 
each tube is the oj’ary. Each ovary may contain as many as a million eggs, 
two hundred tliousand of which may be laid in a single day. The eggs are 
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Fig. 13:7 A roundworm Ascaris lumbricoidcs, transverse section. After Vogt and 
^ ung, after Parker and Haswell, by permission from College ^oology by Robert VV. 
Hegncr. Third Edition. Copyright 1931 by The Macmillan Company. 

fertilized internally. The male reproductive system consists of a single long 
tube which opens into the jiosterior end of the digestive tract. The upper 
portion of this tube, which is long, coiled, and threadlike, forms the testis 
in which sperms arc formed. 

The eggs do not begin their development until they have left the female 
and the host. They are extremely resistant to many chemical substances and 
may retain their capacity to dev’elop over a period of years. Infection of a 
new host usually occurs by swallowing eggs. When the eggs are swallowed 
by a horse, pig, or man, the embryos hatch in the small intestine. From the 
intestine the young worms go on a ten-day tour, a sort of “homeseeker s 
trip through the body.” They penetrate the mucous membranes and are 
carried by the blood stream to the liver, then to the heart, and then to the 
lungs. From the blood vessels of the lungs they work their way out into the 
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cavities of U,c lungs and eventually find their way through the throat and 

esophagus back to the intestine. During the trip they grow to about ten 
tunes their length at starting. 

fi. OTHER ROUNDWORMS 

The Ncmathehniinhcs are a very numerous and widely distributed 

piylinn. The free-living species occur almost"everywhere, on land, in the 

sea, and in fresh water. Other species are parasites in plants and animals. 

In some cases they are relatively harmless, in other cases they cause serious 

and even fatal diseases. In the latter category are the trichina worm and 
the hookworms. 

The trichina worm, Trichinella spiralis (Fig. 13:8), is the cause of a 
muscular disease in man called Iric/iinosis. This disease used to be much 
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Larva encysted in muscle 

Fig. 13:8 The trichina worm Trichinella. By permission from Gr„rral Zoolcpy bv 
Tracy I. Storer. First Edition. Copyright 1943 by the McGraw-Hill Book Compan>Mnc. 

more frequent than at present. It is now rather rare in the United States, 
thanks to the wide publicity given to the evil effects of eating raw or in¬ 
sufficiently cooked pork. Serious epidemics have occurred in Germany, Aus¬ 
tria, and Italy, where sausages containing raw pork are popular. Man 
becomes infected by eating raw meat containing encysted larvae of the 
worm. The larvae come out of their cysts in the intestine. Here they mature 
and the adults mate. The females burrow into the intestinal wall and 
deposit their living young in a lyjnph or blood vessel. The minute larvae 
are carried all over the body in the blood stream. They soon leave the 
capillaries and enter the fibers of the striated or voluntary muscles, par¬ 
ticularly those of the diaphragm, chest, and tongue. There they grow 
rapidly in size and become surrounded by a hard resistant cyst, from which 
they become liberated only when eaten by another host. Besides man and 
hogs, the trichina worm also infects rats and mice. There is no known cure 
for trichinosis, which freqtiently results in death. To destroy the parasites 
the pork must be thoroughly cooked; red or raw portions left in the center 

of either boiled or roasted pork may contain living larvae and cause in- 
fection. 



?70 


THE FLATWORMS AND THE ROUNDWORMS C/i. 73 

There arc tivo species of hoohxuorm. Tlie Ne^v World species is Necator 
ainci icanus. This small ^vorni is responsible for much misery and poverty in 
the southern states. The Old World species is Ancylostoma duodenale. It 
occurs in Europe, Nortli Africa, ^vestern Asia, and northern China. With 
the possible exception of ihc malaria parasite, the different species of hook- 
■\voim are probably responsible for more human misery and deaths than 
any other animal parasite. 1 he adult hookworms of both species live in the 
small intestine, from the wall of which they suck blood and lymph. A 
single ^soim may produce as many as ten thousand eggs per day, which 
are passed out of the host in the feces. Embryos hatch in about twenty- 
four houis, gro^v rapidly, and at the end of about five days have become 
small larvae half a millimeter in length. The larvae live on the surface of 
the soil and infection takes place when they bore their way through the 
skin, usually that of the bare foot. From the skin the larvae enter blood 
vessels and arc carried to the lungs, where they bore their way out into 
the air spaces. From the lungs they reach the throat, and if swallowed with 
the food, arrive in the intestine, where they acquire a mouth and start 
feeding. A single worm may live for five or more years in the intestine. 

The hookworm disease is a tropical and scmitropical disease. Its effect 
is "insidious; year after year, generation after generation, it saps the vitality 
and undermines the health and efficiency of whole races of people." ^ Car¬ 
bon tetrachloride taken by mouth has proved an effective treatment for 
ridding the intestine of the worms. The use of privies, disinfecting the 
soil, and the wearing of shoes or boots to protect the feet are important pre¬ 
ventive measures. 

Another species of roundworm of considerable importance in tropical 
countries is the filaria Wuchercria bancrofti. The adults, which reach a 
length of three to four inches but are scarcely thicker than a piece of thread, 
live in the lymph glands of man, where their presence causes elephantiasis, 
a peculiar disease in which the lymph glands may be swollen to an enor¬ 
mous extent. Human infection occurs means of an intermediate host. 
The worms breed in the lymph glands and produce larvae which, to con¬ 
tinue their development, must be transferred to a mosquito. In the course of 
from ten days to several weeks in the mosquito the larvae develop into 
worms, which are transferred to the human host when the mosquito bites. 

Species of roundworms attack various food plants such as the beet, tomato, 
turnip, and potato and arc the cause of losses to farmers. 


* Chandler, A. C., Introduction to Human Parasitology. 


An. 3 FLATWORMS AND ROUNDWORMS 


77 ? 


?h°'?SnDwSs“ FLATWORMS AND 

A. THE PLAN OF STRUCTURE OF THE FLATWORMS 

The plan of structure of the Coelenterata, as tve saw in the previous 

chapter, IS that of a sac enclosed by two lasers of cells separated by a non- 

cellular je ly. In the Platyhehn.nthes, with the exception of tlie tapeworms 

where a digestive tract is lacking, this saclike structure of the digestive 

tract ts also evtdent. However, in place of the jelly there is a thick mass 

of cel ular tissue in which numerous organs such as the excretory and 
reproductive organs are embedclctl. 

Food materials are transported to the cells of the different organs in the 
many branches of the digestive tract. The tvaste products of the metabolism 
o t le cells are excreted and carried to the exterior in the tubules of the ex¬ 
cretory system. The reproducti%e organs are internal and in consequence 
have developed a scries of ducts. 

Further, while the coelenterates arc, in general, radially symmetrical, the 
flatworms and the roundworms arc bilaterally symmetrical. This is an im¬ 
portant step in evolution, since it leads to the dillcrcntiation of anterior and 
posterior ends, the anterior end being the end which contains the mouth 
and points forward in locomotion. 


B. THE TUBE-WITHIN-A-TUBE TYPE OF BODY IN THE ROUND- 
WORMS 

With the development-of a body cavity in Ascaris, the tube-within-a-ttibe 
type of body comes into existence. The outer tube or body wall, as already 
stated, IS composed of epidermis and muscles. The epidermis maintains 
contact with the outside world. This is a comparatively simple matter in a 
parasite, since its environment docs not change except durihg its migra¬ 
tion; hence in parasitic animals sense organs are usually lacking or much re¬ 
duced. The only structures in Ascaris resembling sense organs are certain 
papillae around the mouth. In free-living roundworms eyes are present. 
The inner tube in Ascaris consists of the lining of the alimentary canal. It 
IS concerned with the functions associated witli digestion. 

c PARASITISM 

_ species occur in practically all the different phyla of 

animals and in many plants, it is convenient to discuss the general subject 
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of paiasitisin at this point, since so many of the striking features of para¬ 
sitism aie especially well illustrated in the flatworms and roundworms. 

(1) THE ORIGIN OF PARASITISM 

It is not possible to be certain in any particular case exactly how a 
parasitic species arose. However, it is generally believed, and there is much 
evidence for the thesis, that parasites evolved from related free-living species. 
One kind of evidence is that all stages between a free, independent existence 
and complete parasitism are frequently found in different species of the 
same group or related groups. Thus the structure of planarians and liver 
flukes clearly shows that they are closely related groups, the one free-living, 
the other parasitic. Add to this the fact that some species of planarians are 
semiparasitic. One such lives attached to the gills of the king crab Limulus. 
In the roundworms there are both free-living and parasitic species. 

(2) ADAPTATIONS TO PARASITISM 

The body of the host forms the environment for the parasite, and the 
parasite must be adapted to tliis environment. There is thus a host-parasite 
relations/iip, with the result that most parasites arc restricted to a few host 
species. In general it is to the advantage of the parasite to cause as little 
disturbance as possible in the body of its host. When a parasite kills its 
host, in most cases it gains no adsantage, for in doing so it is indeed killing 
the goose which lays the golden egg. Adaptation is also important in the 
transfer of the parasite from host to host. This will be referred to later under 
reproduction and life cycles. 

(3) DEGENERACY IN PARASITES 

From our point of view parasites are degenerate creatures. From the 
parasite s point of view, if it had one, the host is merely a source of liveli¬ 
hood. However, the dependent existence of the parasite on or in the body 
of another organism is accompanied to a greater or less degree by the loss 
of organs or other structures no longer useful. This is particularly true of 
sense organs. Thus, although the ciliated larva of the liver fluke possesses 
an eyespot, which presumably helps it to find its host snail, the adult fluke 
lacks any such organ. In the adult tapc'worm the digestive tract is entirely 
lacking. 

(4) REPRODUCTION AND THE LIFE CYCLES OF PARASITES 

Parasitic worms usually lay incredible numbers of eggs, svhich are gen¬ 
erally contained in protective coatings. With this is correlated a rather 
complicated reproductive system occupying a large place in the body. This 
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CHAPTER 14 

The Segmented Worms, 
Phylum Annelida 


The segmented worms, of which the common earthworm Lumbricus ter- 
♦ ♦ 

rcsiris IS an example, show two important steps in evolution: the develop- 
merit of a U'ue coelom and metamerism. A true coelom is a cavity which is 
lined by an epithelium developed from the mesoderm or middle germ layer 
in the embryo (see Chap. 24) . The body cavity of annelids conforms to this 
description. It lies between the digestive tract and the body wall. In many 
animals the excretory organs, in this case called nephridia, open internally 
into the coelom, and the reproductive cells can be shown to originate from 

a portion of the epithelium which lines its walls. The coelom of annelids 
possesses these features. 

Another striking feature in the structure of annelids is the transverse divi¬ 
sion of the body into a scries of disc-shaped segments. In general these seg¬ 
ments or metameres are similar throughout the length of the body, so that 
each of the main organ systems, with the exception of the reproductive 
System, consists of a repetition of similar parts arranged in a longitudinal 
series, one part in each segment. This repetition of similar parts of an organ 
system in successive segments of the body is called metamerism. It is espe¬ 
cially well illustrated in the annelids and the next phylum, the arthropods. 

It occurs in the higher animals, even in ourselves, but is there restricted to 
certain organs and is less apparent. The metamerism of an animal like the 
earthworm differs from the condition found in the tapeworm. The meta- 
mcres, or segments, of the earthworm develop simultaneously in the embryo 
and are not budded off from a growing region as in the tapeworm. The 
earthworm is an individual divided into metameres. 


1. THE EARTHWORM 

Our common large earthworm (Lumbricus terrestris), called also angle- 
worm and nightcrawler, reaches a length of from twenty to thirty cen- 
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nmeters or eight to twelve inches (Fig. ,4:1). It is a long slender worm 
wich IS easily disungu,shed from a roundworm by the segments or meta- 
meres into which us body is divided. The division into metameres is made 

is coZ the body. The adult earthworm 

no nmd H metameres. One end. which is the more 

po nted and usually tn front when the wotm crawls, is recognised as the 

is rr T ■ H r clorsovemrany, 

ts the pouertor end. At the anterior end is the mouth. Projecting over the 

mouth IS a lobehke structure which resembles a metamere in being separated 

y a gioote from the rest of the body, but is not regarded as one since it 



An canhworin, Lurnbricus tcrrcstris. Phoiogiaph by J. W. Mavor 


lacks most of the organs usually prcseni in a meiaincre. At tlic posterior 
end is the anus. The dorsal surface of the body is rounded, while tlic ventral 
surface is more flattened and possesses in each metamere four pairs of small 
toothlike projections, the setae. If the earthworm is drawn through the 
fingers these setae give to the under side a rough, scrapy feeling. The setae 
enable the earthworm to retain a firm hold in its burrow and to resist be¬ 
ing pulled out of it. In mature earthworms the region of the body extending 
from the thirty-first or thirty-second to the thirty-seventh metamere is swol¬ 
len. This saddle-shaped swelling, called the clitellum, is due to the presence 
of glands which secrete material utilized in forming a cocoon in which the 
eggs arc laid. The external surface of the body is covered with a thin trans¬ 
parent cuticle. Each metamere beyond the eighth bears on its dorsal side 
near the next anterior metamere, a minute pore by means of which the 
coelom communicates with the exterior. A number of other external open¬ 
ings occur, which, however, can be best considered in connection with the 
organs with which they connect. 
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Fig. 14:2 Earthworm. Anterior part dissected to give a dorsal view of the internal 
organs. By permission from Biology the Science of Life by Mary Stuart MacDougaU. 
Tirst Edition. Copyright 1943 by the McGraw-Hill Book Company, Inc. 

If an eaitliworm is slit open by cutting it lengthwise, it will be found to 
contain a cavity, the coelom, that surrounds a digestive tract extending the 
length of the animal (Fig. 1-1:2) . The earthworm is, therefore, like Ascaris, 
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in possessing the tube-within-a-lube type of body structure. The codon, 

an?h anJ nerse co.d. Doe to tl,e ptesence of the codon, 

and Its contained coelonoc Ih.id, tl,e digestive t,act, blood vessels, and to 

of the other parts of the body, a freedon, ,vhich they cooid „„t enjo, ,ve,e 
the space occupied by solid tissue. Thee is evidence that the coelom serves 
^ some extent for the transport of food substances and waste products. 
The codon, ,s divided transversely by thin partitions, called septa, extend¬ 
ing from the body wall to the digestive t, act. The attachments of the sent. 
correspond to the grooves on the surface of the body. The coelom is thus 
OMded into compartments corresponding to the metamercs. .Small open¬ 
ings occur in the septa so that when a portion of the earthworm contracts 

coelonuc fluid flows from the coelom of the contracting into the coelom of 
ine adjacent metameres. 

The tube-within-a-tubc plan of structure of the earthworm is well shown 

in a transverse section (Fig. 14:3). The body wall which forms the outer 

tube appears as the outer ring in the section. This is sepa.ated by a space, 

the coelom, from the inner tube, the intestine, represented in the section 

by the inner ring. We will now turn to a more detailed studv of the separate 

organ systems or parts of the earthworm and will begin with the structures 
in ihe body wall. 

The thin transparent cuticle already referred to covers the body ex¬ 
ternally. Under this is the epidermis, a layer of epithelial cells covering the 
body, which secrete the cuticle. In the epidermis are gland cells which se¬ 
crete the mucus with which the body of the worm is usually covered and 
nerve cells which are sensitive to light, heat, cold, chemical changes, and 

mechanical contacts, and which send nerve impulses to the central nervous 
system. 

Within the epidermis, and forming with it the body wall, are the circular 
and longitudinal muscles. The circular muscles form the outer layer im¬ 
mediately underlying the epidermis. The muscle libers of these muscles 
run with their axes in the plane of the section; their contraction in any 
region of the worm tends to reduce its diameter. Within the circular muscles 
IS a much thicker layer of longitudinal muscles. The muscle fibers of these 
muscles are cut across in the section since they run lengthwise in the worm 
Ihe contraction of the longitudinal muscles tends to shorten the worm in 
the region in which the contraction occurs. The layers of circular and 
longitudinal muscles are interrupted where the setae occur and at various 
external openings. The setae arc small, toothlike structures which arc ar¬ 
ranged in pairs, there being four pairs, or eight setae, in each metamcre 
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Two of ihcsf [jairs arc \oniral and i\v<> lateral. I lie seiiie arc actuated by 
nuisclcs and can be either pronnded or retratied. 

In connection with tlie Mriictnrc of the Iiody wall the method of locomo¬ 
tion oi the eai tliworm may be studied ad\ antageously. Let us consider what 
Iia|)j)ens wlien the worm crawls lorward. Pirst tlie anterior end is moved 
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Fig. 14:3 Transverse section of an earthworm. By permission from CoUr^e ^oology by 
Robert \V. Hcgncr. Fifth Edition. Copyright 1942 by The Macmillan Company. 

foiward. This is done by the contraction of the circular muscles in this 
legion. The cocTomic fluid and the tissues of the body of the earthworm, 
like those of any organism, arc practically incompressible. When, therefore, 
the contraction of the circular muscles decreases the thickness of the body, 
it must incicasc its Icngtii. After this preliminary elongation of the body the 
anterior end is anchored by the setae, and a posterior portion is drawn 
up by the contraction of the longitudinal muscles. The portion drawn up 
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.. then anchored as was the anterior portion, and a more posterior portion 

IS dtawn up. 1 he process continues until the entire length of tite wor.n 

tas been moved forward. In goi.tg into, or cotning out of, its burrow, tl.e 

rm uses a similar method, excepting that the body is anchored in the 
burrow by an annular thickening of the body. 

The digestive system of the earthworm begins at the mouth, tvhich leads 
into a mtiscti ar The muscles of the pharynx extend from its wall 

radially to the body wall. Their contraction enlarges the cavity of the 
phaiynx and produces a suction by which food is taken in. This food con¬ 
sists o pieces of animal and vegetable matter which the earthworm collects 

burrow its 

Following the pharynx is the esophagus, a thin-walled tube, extending to 
about the hlteenth segment. In the lifteenth segment tlie digestive tract is 
enlarged into a thin-wallcd crop in which food is stored. Immediately pos- 
tenor to the crop ts the gizzard, a thick-walled muscular pouch in which 
the food material is ground up into fine particles. The grinding ,>rocess is 
helped by the presence of grains of .sand and other hard objects ingested 
with the food. The gizzard leads into the long, thin-walled ialesliue in 
which dige.stioii and absorption occur. Digestion in the eatthwonti is prob- 
aily very .similar to that in a higher animal, the cai bohydiates, fats, and 
proa-ms being acted on by enzymes secreted by cells in the wall of the in¬ 
testine. Absorption occurs through the wall of the intestine. The absorb 
mg and secreting surface of the intestine is increased l,y a dorsal infoUling 
of its wall to form a structure called the typhlosole. This appears in the 
transverse section (Fig. 14:3), as a dorsal projection into the cavity of tlie 
intestine. The undigested material, of which there is an abundance, is (lassed 

out through the anus and forms the "castings” seen on lawns and other 
places where cariliworms abound. 

As in the tyjies of animals described in previous chapters, there are in 
the earthworm no special respiratory organs. Oxygen is taken in and carbon 
dioxide is given off tlirough the entire surface of the body. 

Each of the metameres, excepting the first three and the last, has its own 
pair of excretory organs, or nrphridia (Fig. 14:4) . These organs will he 
considered in some detail because they are of a type which is first en¬ 
countered here and which occurs in many animals and because they probalily 
are similar to the primitive type of structure from which the kidneys of the 
uglier animals have been evolved. A nepliridium consists essentially of a 
convoluted tube, opening on the one hand into the coelom and on the other 
land to the exterior. The nephridia of the earthworm occur in pairs, one on 
taller side of the intestine (Fig. 14:3) attached to the septa. C.lands in the 
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walls of the nephridial tubes excrete waste products into the cavities of the 

tubes, and cilia on their walls cause an outward flow of coelomic fluid. The 

fluid flowing out through the nephridia carries the waste products to the ex¬ 
terior. 

On account of its size and rather complicated structure the earthworm re¬ 
quires a circulatory system to carry nutrient material from the walls of the 

digestive tract to the vari- 

External opening 
of nephridium 


Internal opening 


Septum 



Enlarged portion 
of nephridium 


Fig. 14;4 Diagrammatic view of the nephridium 
of an earthworm. By permission from Animal Biology 
by Robert H. Wolcott. Copyright 1940 by McGraw- 
Hill Book Company, Inc. 


ous parts of the body, 
waste materials from the 
various parts of the body 
to the nephridia, oxygen 
from the skin to the tis¬ 
sues, and carbon dioxide 
from the tissues to the 
skin. The earthworm is 
the first of the lower 
animals in which we have 
encountered a vascular 
system. The blood of the 
earthworm consists of a 
plasma in which colorless 


corpuscles float. The red color of the blood is due to hemoglobin dissolved 
in the plasma. The blood passes anteriorly along the length of the worm in a 
dorsal blood vessel which lies on the dorsal side of the intestine (Fig. 14:2). 
In the anterior region surrounding the esophagus are five pairs of muscular 
blood vessels which force the blood from the dorsal vessel to a ventral blood 


vessel lying below the intestine (Fig. 14:5). In this vessel the blood passes, 
posteriorly, in the part behind the muscular blood vessels and, anteriorly, in 
the part in front of these vessels. From the ventral vessel the blood passes to 
the body wall, nephridia, and the ventral portion of the intestine. A single 
subneural vessel extends longitudinally ventral to the nerve cord and re¬ 
ceives blood from the nerve cord and from the ventral body wall, and trans¬ 
mits it to parietal vessels, arranged segmentally, which also receive blood 
from the body wall and the nephridia. The blood from the parietal vessels 
passes into the dorsal blood vessel posterior to the muscular blood vessels. 

In the nervous system of the earthworm most of the nerve-cell bodies are 
grouped together to form ganglia. Except in the first three metameres all of 
these ganglia occur in pairs, forming double ganglia which lie in the ventral 
portion of the coelom between the digestive tract and the body wall, one pair 
to a metamere (Fig. 14:6) . The two ganglia of the same metamere and the 
ganglia of successive metameres are connected by nerve fibers arising from 
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their nerve cells. There are no ganglia in the first luo nictamercs. In the 
third metamere. instead of being ventral, the ganglia arc dorsal to the 
p larynx, and unite to form a siifyraphaiyngral ganglion. A'erxc fibers from 
these latter ganglia pass round ilie pharynx to connect them with the ganglia 
in the next posterior metamere. From the various ganglia nerve fibers extend 
to the different parts of the body. Some of-these are sensoiy fibers arising 
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Fig. 14:5 The circulation of the blood in an earthworm. Diagrammatic transverse .sec¬ 
tions, A, through the eleventh metamere, sliowing a pair of mu.scular blood vessels, and 
through the twelfth metamere, showing the parietal vessels. By permission from 

Lollege ^oology by Robert W. Hegner. I'ifth Edition. C:opyright 1942 by The Macmillan 
t>ompany. 

from sen.sory nerve cells in the epidermis, while others arc motor fibers aris¬ 
ing in the ganglion cells and branching in muscles. 

When an earthworm is stimulated, let us say by being touched bv a iiard 
object, and moves away, this movement, due to the contraction of certain of 
Its muscles, is the response to the stimulus. ^V^e can trace, in a general way, 
the nervous pathway in stich a reaction (Fig. 14:7). The stimulus is re¬ 
ceived by a sensory neu>e cell located in the epidermis. A nerve fiber goes 
from this cell to a ventral ganglion wlicre it ramifies, giving rise to miiner- 
ous fine branches. TIic nerve impulse wliich is set up by the stiimiius in 
the sensory nerve cell passes along the nerve fiber and out into its branches. 
From these latter it passes over to another set of fine branching nerve fillers 
which arise from a nerve cell located in the ventral ganglion and called 
a motor nerve cell. Besides the fine branches which put it into cominunica- 
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tion with the libers of the sensory cell, the motor cell gives off a long fiber 
which ramifies in the muscles of the body wall, sending branches to muscle 
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Fig. 14:6 Earthworm. Side view of anterior end showing the cerebral ganglion and 

permission from College Z°olo(iy by Robert W. Hegncr. 
Fifth Edition. Copyright 1942 by The Macmillan Company^ 

cells- The nerve impulse passes along this latter fiber and its branches and 
causes the muscle cells to contract. Exactly what tlie nervous impulse is 
will not be discussed at this time. The course which the nerve impulse takes 
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111 passing from the sensory cell to the muscle cell is called a reflex arc. In 
some cases the reflex arc is not so simple as that just described. A third 
nei ve cell cnllecl in tliib case an iissocidtiofi fitwt cell may intervene be* 
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twcn the fibers of the sensory and motor nerr-e cells. A nervot.s impulse 

o. gn attng tn one or a few sense cells .nay be spread by association 

el s several .nctameres and cause many muscle cells to conuact. The 

r se o.gm.s of the earthworm consist entirely of separate sense cells located 

1.1 the ep.der.n.s. The earthwor.n is known to be sensitive to light cl.e.n 

egarchnTtT”; gets its inforn.ation 

rega.d.ng the fo. m and s.ze of ol.jects h orn the sense of touch. 

ft will be well at this point to review the ,ncl^,„erism of the earthworm 

Each metatnere has been found to contain a portion, at least, of each of the 

following organs, or systems of organs: epidermis, circular and longitudinal 

celis5' ? "erve ganglia, nerve fibers, sense 

in fact all the organs necessary to carry on iis individual life. 

In contrast to the other organ systems, the reproductive organs are re- 

PO'tion of the worm (Fig 
4.2). The earthworm is hermaphroditic. The ovaries are a pair of nii 

nnte conical bodies lying in the ventral portion of the coelom of the 

h.rteenth metamere, each attached by a short stalk to the posterior sur- 

lace of the septum separating metameres twelve and thirteen. The cinis -.re 

discharged by .he ovary into the coelom. Ciliated funnels, one opposite cad, 

of the corresponding ovaries and attached to the anterior surface of the 

septum separating metameres thirteen and fourteen, carry the eggs from 

the coelom into the ovulucts. The latter pass through the septum into seg- 

ment fourteen where, after enlarging to form egg sacs, they pass through 

e body wall to open to the exterior by minute openings in the same seg- 

men . The female reproductive organs include tivo pairs of spermathecae 

small sachke structures in which sperm is stored, in the ninth and tenth 

segments. These communicate with the exterior through openings on the 

ventral surface, between the ninth and tenth, and tenth and eleventh 
metameres, respectively. 

The testes lie in the tend, and eleventh metameres in a position cor 

i^sponding to that in svhich the ovaries lie in the thirteenth metamere 

J bey are enclosed in saclike structures which bulge into the coelom of the 

ninth to the twelfth metameres. The cavities of these sacs are parts of the 

coelom separated from the main coelom in development. In the tenth and 

eleventh metameres, where the sacs of opposite sides are continuous, funnel- 

shaped openings from the sacs lead to spero, ducts. On each sitle the sperm 

ducts join to form a single tulic which opens to the exterior in the fifteenth 
metamere. I'-'-imi 

Although the earthworm is hermaphroditic, self-fertilization rarelv if 
ever, occ.rs, the eggs of one worn, being fertilized by the sperm from an¬ 
ther worm. This ts matle possible tliro.tgh the process of copulation When 



784 


THE SEGMENTED WORMS, PHYLUM ANNELIDA Ch, 14 

this occurs the two worms come together so that their anterior ends point 
in opposite directions, their ventral surfaces are in contact, and the clitellum 
of one worm is opposite the ninth and tenth metanieres of the other. The 
adhering portions of the two worms come to be enclosed in a slime tube 
formed from mucus secreted by the worms. Grooves on the ventral surfaces 
of the worms conduct the sperms of one earthworm to the spermathecae of 
the otlier and vice versa. In this way, while one worm is passing its sperms 
into tlic spermathecae of another worm, it is simultaneously receiving 
sperms from the other worm into its own spermathecae. After copulation 
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Fig. 14:8 Copulation in the earthworm and the cocoon in which the eggs are laid. 
A, diagram showing the path taken by the sperm at the time of copulation. The sperms 
pass from the openings of the sperm ducts on metamere XV of one earthworm to the 
openings of the spermathecae between metamcres IX and X and X and XI of the other 
earthworm. B, the cocoon. By permission from Animal Biology by Robert H. Wolcott, 
Copyright 1940 by the McGraw-Hill Book Company, Inc. 


the earthworms separate and carry with them portions of the slime tube 

(Fig. 14:8) . 

A tubular cocoon is formed by each worm inside its portion of the slime 
tube from a horny substance secreted by the clitellum and passed forward 
over the body of the w'orm. As this cocoon passes the openings of the ovi* 
ducts (metamere fourteen) eggs are laid into it and as it passes metameres 
ten and nine the spermatozoa received from the other worm are passed 
into it from the spermathecae and fertilize the eggs. In the cocoon the eggs 
develop into young worms which escape and burrow into the ground. 

Earthworms perform a useful and important work in the soil. They 
occur in all parts of the world except the extreme Arctic and Antarctic 
regions and desert lands. ^Vhat they lack in size they make up for in num¬ 
bers. It has been estimated that there are twenty-seven thousand of them 
in an acre of a grain field and about twice that number in an acre of garden 
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o:l. They are constantly taking the under soil front below the roots of plants 
and spreading u on the surface. Their castings are familiar evidence of their 
bunowing activity. Under favorable conditions earthworms can form new 
* ' mold on the surface at the rate 

of one inch in thickness in five 
to ten years. Mouth- 

2. OTHER ANNELIDS 

The annelids are abundant 
and widely distributed. The 
earthworm is somewhat excep¬ 
tional in being a land animal 
as most of the members of the 
phylum arc acpiatic. Other land 
forms are the manure worms 
(Eisenia) and the small white 
worms (Enchytraeus) often used 
to feed small animals in aquaria 
and terraria. Some of the fresh¬ 
water forms are quite small, like 
the little Kais often found 
among algae collected from 
ponds. Tubifcx is a common 
form which lives on the muddy 
bottoms of ponds. It lives in a 
tube in the mud from which the 
hind end of its reddish body pro¬ 
trudes and waves about. 

But the marine annelids show 
greatest variety of si/c, structure, 
and modes of life. Many arc 
found in burrows in mud or 
sand flats, as for example the 
clamworm Nereis (Fig. M:9). 

Others spend their lives swimming near the surface of 

the sea. Like the earthworm they provide food for larger 
animals. 

The leeches (Fig. 14:10) are a rather uniform and specialized group 
llnd^ """ *"**''''* animals in the sea. fresh water, and on 


Fig. 14:9 A poly- 
chacte worm, 
Nereis. After Oer¬ 
sted, by permission 
from ^oology an Ele¬ 
mentary Text-Book 
by A. E. Shipley 
and E. W. Mac- 
Bride. Copyright 
1901 by The Uni- 
versity Press, Cam¬ 
bridge. 



Posterior 


Fig. 14:10 A leech, Hir- 
udo mcdicinalis. After 
Shipley and MacBride, by 
permission from College 
Zoology by Robert W. 
Hegner. Third Edition. 
Copyright 1931 by The 
Macmillan Company. 
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3. THE PLAN OF STRUCTURE OF THE PHYLUM ANNELIDA 

The tube-within-a-tuhc plan of structure is perfected in annelids. To the 
tube-within-a-tubc plan has been added metamerism, which consists in the 
transverse division of the body into a number of metameres which are all 
alike in possessing the essential vegetative organs. A distinction is to be 
made between metamerism and division into proglottids, as seen in tape¬ 
worms. In metamerism the metameres develop simultaneously and remain 
together forming the body of an individual, while proglottids are formed 

as a succession of buds at one end of the head and reach maturity at differ¬ 
ent times. 

♦ 

An entirely new type of excretory organ, the nephridium, appears in the 
Annelida. A nephridium is typically an elongated tube with excretory gland 
cells and cilia in its wall, opening at one end into the coelom and at the 
other cither directly to tlie exterior or indirectly through a duct. 

Increased si/e and complication of structure have led to the development 
of a circulatory system consisting of blood vessels, some of which have 
muscular walls and pump the blood to the various parts of the body. 

This same increase in si/c and complication has led to the centralization 
of the nerve cells to form ganglia which are connected to form a ventral 
Tienre cord. 



CHAPTER 15 

The Arthropods 


1. THE ARTHROPODS AS A GROUP 

There arc more known species of arthropods than of all the other known 
species of plants and animals combined. It can be said tiiat roughly of 
the known species of organisms, of which there arc about one million, more 
than one half, about six hundred thousand, are arthropods. The phylum in¬ 
cludes lobsters, crayfish, centipedes, millipedes, insects, and spiders. 

To the structural advances shown in the annelids, tube-within-a-tube 
type of body, metamerism, and organ systems, ilie arthropods have made 
two important additions. Althougli the term head has been used in 
describing the members of some of the phyla previously considered, in no 
case is there a sharp differentiation of the body into different parts. In the 
phylum Arthropoda this differentiation of the body takes place; the most 
anterior metamcrcs have become differentiated into a head, and in the more 
speciali/cd members of the group a thorax and an abdomen are formed. 
Not only is the body divided in this way, but the sense organs come to be 
located in the head and the nervous system is larger and more highly de¬ 
veloped in the anterior than in more posterior metamcrcs. Thus the con¬ 
trol of the body comes to be more and more located in the anterior portion. 
This evolutionary tendency reaches its greatest development in the verte¬ 
brates and man in particular. The second contribution of the arthropods 
IS found in the development of jointed appendages. It is this characteristic 
which has given the name to the phylum (Gr. arthros, a joint + pons, a 
foot). This type of appendage is made possible in the arthropods by the 
development over the entire surface of the body of a hard chitinous external 
skeleton which is thin and flexible where the joints occur. 

This skeleton is composed of a substance called chitin which is secreted 
by the epidermis. What appear to be solid plates or processes projecting 
from the surface of the body are in reality folds or outpocketings of the 
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epidermis covered with chitin. The fine hairs which occur in certain spe¬ 
cies are formed by special cells of the epidermis. 

The phylum Arthropoda is divided into five classes. Only three of these 
will be discussed. 

The class Crustacea includes lobsters, crayfish, shrimps, crabs, barnacles, 
and the extinct trilobites. Nearly all of them are aquatic and breathe by 
means of gills. 

The class Insecta includes all the many kinds of insects such as cock¬ 
roaches, g» asshoppers, dragonflies, houseflies, butterflies, moths, beetles, 
bees, and ants. In insects the body is divided into head, thorax, and ab¬ 
domen. The thorax bears three pairs of legs and frequently also two pairs 
of wings. The abdomen is without paired appendages except a pair of 
ph>cers in the female. Insects are mainly land animals and breathe air 
but many species live in water during the early (larval) part of their lives. 

The class Arachnida includes spiders, daddy longlegs, scorpions, mites, 

ticks, an interesting "living fossil" called the king crab, and the extinct 

eurypterids, scorpion-like creatures which reached a length of five or more 

feet. Arachnids can usually be easily distinguished from insects, which form 

the previous group, by the fact that they have at least eight legs (four 
pairs). 

In this text there is time to consider in detail only one type in this large 
phylum. The grasshopper is chosen because it is relatively primitive and 
simple in structure, familiar as a common insect of the fields, and of such a 
size that it can be easily studied in the laboratory. 


2. THE GRASSHOPPER 
A, EXTERNAL FEATURES 

As is the case in all insects the body is encased in a hard outer covering 
composed of a substance called chitin which is secreted by a layer of epithe¬ 
lial cells which, with the chitin, form the body wall. This covering of chitin 
constitutes skeleton. In certain parts of the body, joints occur where the 
skeleton is thin and flexible, permitting movement. 

The body is divided into head, thorax, and abdomen (Fig. 15:1). The 
thorax and abdomen are divided into segments or metameres, the thorax 
consisting of three metameres and the abdomen of ten. The head of the 
adult grasshopper is not divided into metameres. In the embryo, however, 
there is evidence of a primitive metamerism. Thus the body of the grasshop¬ 
per, like that of the earthworm, is seen to be composed of metameres. How¬ 
ever. there is not the close resemblance between the different metameres found 
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°f '•- -e very 

LTdTff r ’V "" °f 'he abdomen 

but differ among themselves. Again, in the liead the primitive metamer- 

Th separate metameres being no lo.iger recognizable 

e skeleton of a typical metamere is seen best in the abdomen Ld con- 
sists of a dorsal portion and a ventral portion. 

On each side of the head are the large, oval, compound eyes. These eyes 
are set into the head and covered by the chitinoiis skeleton which at this 
point IS transparent. The eyes are not movable and in order to change the 
.eld of view the head must be moved. The structure of the eyes will be re¬ 
erred to in a later section. Between the compound eyes at the corners of 
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, Grasshopper. External features of an adult female. By permission from 

Copyright 1943 by the McGraw-Hill 

a triangle arc three simple eyes. In front of the eyes are the first pair of 
appendages, the many jointed antenuae or “feelers.” On the ventral side 
of the head surrounding the mouth are the mouth parts. In front of the 
mouth is an unpaired flap of chitin which moves up and down as the in¬ 
sect eats. On cither side of the mouth are the mandibles or jaws. The jaws 
of an insect differ from those of a mammal like ourselves in being in front 
of, or rather outside, the mouth and in working from side to side instead 
of up and down. Behind tlie mandibles arc two pairs of appendages. The 
members of the second pair are fused in the median line and form the 
lower lip. The food of the grasshopper consists chiefly of pieces of blades 
of grass, and its mouth parts are adapted to its diet, the mandibles biting 
off pieces located by the upper and lower lips. In other types of insects 
these same mouth parts are adapted for seizing prey or for sucking the 
juices of plants or the blood of other animals. 

I he thorax is divided externally into three segments or metameres. ca< h 
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of which bears a pair of legs, there being six legs in all, a number which is 
characteristic of insects. Each leg is attached to the thorax by two short 
segments. Next follow two long segments. Lastly come three shorter seg¬ 
ments ending in two claws with a pad between them. The foreioings arise 
from the dorsal side of the second metamere of the thorax and the hind wings 
horn the corresponding part of the third metamere. Numerous veins 
strengthen the thin membranous wings, which are not mere plates of chitin 
hut contain living tissue. 

The abdomen is without paired appendages except for the egg placers 
which in the female surround the opening of the oviduct. When eggs are 
to be laid tlie egg placers arc thrust into the ground, making a cavity in 
wliich the eggs arc deposited. 


B. INTERNAL STRUCTURE 

Like the earthworm the body of the grasshopper is built on the tube- 
ithin-a-tubc plan, the skeleton and its attached muscles forming the outer 
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ig. 15:2 Grasshopper. Internal structure as seen when the left side of the body wall is 
^•moved and the respiratory organs are omitted. By permission from General by 

racy 1. Storer. First Edition. Copyright 1943 by the McGraw-Hill Book Company, Inc. 


tube, the digestive tract the inner tube (Fig. 15:2). The much reduced 
cavity between the two tubes is not a true coelom but a blood sinus. The 
tiue coelom is represented only by the cavities of the gonads. 

The month is on the ventral side of the head. It opens into a small 
month cavity which receives the ducts of a pair of salivary glands. The 
esophagus, which begins as a short tube, runs dorsally and then posteriorly 


Optic nerve 


Subesophageal 

ganglion 


Supraesophageal 

ganglion 

Compound 


eye 


Thoracic 

ganglia 


Ar#. 2 THE GRASSHOPPER 

191 

to be enlarged in .l,e thorax to for.n the crop. The crop i. cont.nt.otts with 
giz^rd, winch strains and crushes the food. Posterior to this is the 
Stomach. Into the anterior end of the stomach open six r.nger-like di- 

our"“h V ^""‘I stomach is contitm. 

ous with the wtestiae, the region of transition being marked by the entrance 

of numerous fine tubes called Malpighiaa tubules, which are excretory i,i 

unction. The intestine opens to the exterior by the auus. The whole of 

the digestive tube, with the exception 

of tlie stomach, is lined with chitin. 

Absorption takes place only through the 
walls of the stomach. 

The respiratoiy system consists of 
numerous air tubes or tracheae leading 
into and out of air sacs. The tracheae 
divide repeatedly, sending branches to 
all the organs of the body and forming 
finer and finer branches, the finest of 
which are believed to enter the indi¬ 
vidual cells. Small openings or spiracles 
on the sides of the body, easily seen in 
the abdomen and thorax, place the tra¬ 
cheal system in communication with the 
outside air. The tracheal tubes are lined 
With chitin. If a grasshopper is watched 
when at rest or while held between the 
fingers, its abdomen will be noticed to 
expand and contract rhythmically. By 
these respiratory movements the air in 
the tracheal tubes is exchanged for fresh 

air from the outside. The respiratory system of insects is very tlifferent from 
that of the earthworm. In the latter animal oxygen coming in through the 
skin is transported by the blood to the cells of the tissues; in insects air is 
transported in the tracheal tubes directly to the cells. 
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Fig. 15:3 Grasshopper. The nervous 
system viewed from the dorsal side. By 
permission after A Text-Book of Ento¬ 
mology by A. S. Packard. Copyright 
1909 by The Macmillan Company. 


Excretion is carried out by the Malpighian tubules. It is uncertain whether 
these tubules correspond morphologically to the nephridia of the earth¬ 
worm which they resemble in function. 

The circulatory system of insects is simpler than that of the earthworm 
and of most other arthropods. This is probably because of the highly de¬ 
veloped tracheal system which takes care of ihe transport of oxygen to the 
tissues and of carbon dioxide away from them. The so-called heart consists 
of a tube passing from posterior to anterior just under the body wall and 
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dorsal to the digestive tube. From this vessel the blood passes out into spaces 
and returns to the pericardial entity surrounding the heart. 

I he nei-vous system (Fig. 15:3) consists of a ganglion above the esoph¬ 
agus, the siipraesophageal ganglion (sometimes called the brain but not 
comparable to the brain of higher animals) connected by a pair of nerves 
to a chain of ganglia which extends along the ventral side of the body from 
anterior to posterior. The supraesophageal ganglion sends nerves to the 
sepal ate elements of the compound eye, to the simple eyes, and to the anten¬ 
nae. The ventral chain of ganglia begins with a subesophageal ganglion 

in the head. Then follow three thoracic ganglia and five 
abdominal ganglia. There has occurred a fusion of gan¬ 
glia in adjacent metameres so that the total number of 
ganglia is less than the number of metameres. 

The sense organs are well developed. Fine hairs on 
various parts of the body, especially numerous on the 
antennae, give the sense of touch. Small pits act as 
organs of smell and taste, those on the antennae being 
regarded as organs of smell, those near the mouth as 
organs of taste. As already noted in studying the ex¬ 
ternal features there are two kinds of eyes, simple eyes 
and compound eyes. In a simple eye the cuticle is trans¬ 
parent and modified to form a lens which concentrates 
light on a small group of light-sensitive cells. Nerve 
fibers from these cells lead to the supraesophageal gan¬ 
glion. Such eyes do not give an image. 

If the outer surface of one of the compound eyes is 
examined with a microscope, it will be found to be 
divided into several thousand minute hexagonal areas (Fig. 15:4). From 
these hexagonal areas, long rodlike visual units extend inward. At the 
inner ends of the units are cells which are specially sensitive to light. Nerve 
fibers connect these cells with optic ganglia which in turn are connected 
with the supraesophageal ganglion. Each visual unit resembles a minute 
telescope, but docs not give an individual picture—only a light or dark 
spot. The arrangement of these light and dark spots at the back of the 
insect s eye gives it a patchwork or mosaic picture of the field of vision. 
The picture is probably flat and that seen by one compound eye is quite 
different from that seen by the other eye at the same time. The eyes of 
insects are well adapted for the detection of moving objects. 

Everyone is familiar with the sounds made by grasshoppers. The noise 
when the animals are at rest is made by drawing the hind legs across a 
particular vein of the hind wings. The sharp sound made when they are 
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Fig. 15:4 Grass¬ 
hopper. A few facets 
from the compound 
eye. By permission 
from Entomology with 
Special Reference to its 
Ecological Aspects by 
Justus Watson Fol¬ 
som. Third Revised 
Edition. Copyright 
1922 by P. Blakis- 
ton’s Son & Co. 
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Hying is produced by rubbing the fore and hind wings together, l o 
these sounds which are undoubtedly signals, the grasshopper has well- 
eveloped organs of hearing, located one on either side of the first ab 
dommal metamere. Externally the organ consists of a tightly stretched 
drum, internally of an arrangement of sense cells and nerves. 

The sexes are separate. The testis lies dorsal to the intestine and consists 
of two lateral halves united to form a single mass. From either side of this 
mass arises a sperm duct, which passes ventral to the intestine and after 
forming numerous coils unites with its partner of the opposite side in a 
single duct which passes into the copulatory organ or penis. This latter 
organ consists of four chitinous bristles which are used in transferring sperm 



Fig. 15:5 Incomplete metamorphosis of a grasshopper, Melanoplus femurrubrum 
showing five nymph stages, 1-5, and an adult, 6. Note the gradual growth of the wings’ 
After Emerton, by permission from Collrgf Zoology by Robert W. Hcgner. Fifth Edition 
Copyright 1942 by The Macmillan Company. 


to the spermatheca of the female. The ovaries are paired organs and lie in 
a position corresponding to that of the testis. Each consists of groups of 
ovarian tubes which open into the upper portion of the oviduct. The ovi¬ 
ducts unite to form a short, straight vagina which opens between the egg 
placers. Before its opening the vagina connects with the opening of the 
spermatheca. which receives the sperm from the male at the time of copula¬ 
tion. The eggs are fertilized while they are in the vagina, just previous to 
being laid in the ground, the ovipositors being used to penetrate below the 
surface of the soil. The eggs of most American species of grasshoppers are 
laid in late summer or autumn and hatch in the spring. The young which 
hatch from the eggs are called nymphs. They resemble adults, but are with¬ 
out wings and have somewhat larger heads in proportion to their size 
(Fig. 15:5) . The nymphs undergo a gradual or incomplete metamorphosis 
into the adult form during the summer. 
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Fig. 15:6 A phylogenetic tree indicating the relations of the different orders of insects, 
The figures are not drawn to scale. By permission from Zoology by Robert W. 

Hcgner. Fifth Edition. Copyright 1942 by The Macmillan Compiiy. 
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3. THE INSECTS AS A GROUP 


A. TYPES OF METAMORPHOSES 

non^ ‘he same time most puz.ling phe¬ 

nomena of natnre ,s the change which many insects undergo in passing 

om the larval to the ach.lt stage, called metamorphosis, from a G.eek wore! 
‘o transform.” In the simplest insects the young which hatch from 
gg are like adults in all respects except size. In such insects there is 
no metamorphosis. There are only a few of ihesc insects of which the com¬ 
mon silverhsh or bristletail, found in damp places, is an example. In 
many insects, for example the grasshopper, the transformation is gradual 
and occurs between molts. These insects are said to have an incomplete 
metamorphosis. 1 he young insects which in this case are nymphs resemble 
he adult in having the usual six legs and compound eyes; the wings, how- 

not attain their full 

size until the adult stage is reached. Finally there are insects like the but¬ 
terfly ,n which the larva, called in this case a caterpillar, is very different 
from the adult. In the butterfly the caterpillar, after a more or less pro¬ 
longed feeding period, spins a cocoon and goes into a quiescent papal stage 
in which its anatomy is almost completely made over into that of the adult. 
These insects arc said to hate a complete metamorphosis. The bee is such 
an insect, the larvae or grubs being raised by the workers in cells in the 
liive and undergoing their metamorphosis there. Such also arc the many 
kinds of houseflie.s, the larvae or maggots living in decaying meat or other 
decaying matter, pupating there, and emerging as flies. Insects with a com¬ 
plete metamorphosis do not molt after emerging from the pupal stage and 
so do not grow in size after that time. 


6. THE ARTHROPOD "MIND" 

The student must be aware already of the essential similarity between the 
nervous systems of annelids and arthropods. In both these groups the nerv- 
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ous system consists of a ganglionic chain, the greater part of which is ven¬ 
tral to tlie digestive tract. Primitively the ganglia correspond to the meta- 
meres of the body, but in the arthropods there is a tendency toward fusion 
of the ganglia of contiguous metamcres, especially in the anterior region. 

In discussing the nervous system of the earthworm the path of a nervous 
reflex was traced. Similar reflex arcs occur in the arthropod nervous system 
and, as in the earthworm, the reflex may pass through one only or a num¬ 
ber of ganglia. The study of the behavior of arthropods, and especially 
insects, seems to show that their various activities are best explained as 
due to reflexes. Turihcr, the reflexes may be coordinated by nerve impulses 
passing from one ganglion to another in a different metamere. In tliis way 
complicated Ijchavior patterns may be developed. 

1 he solitary wasps provide interesting examples. Our most familiar wasps 
aie the yellow jackets which make large paper nests in trees and under the 
ea\es of houses. These are social wasijs. The solitaiy wasps, although less 
likely to be noticed by the casual observer, are in reality the larger group. 
These wasps make their nests individually, cither by cementing clay into 
tubes with a secretion from their salivary glands (mason wasps), by dig¬ 
ging bill rows or galleries in the ground (digger wasps), or by cutting tun¬ 
nels in the wood of trees or the stems of plants (carpenter wasps). Those 
which make their nests in the ground are the most easily observed. The 
following account is based on the description in Social Life Among the 

Insects by William iM. Wheeler and refers to a solitary digger wasp of the 
genus Sphex. 


Ch. 15 


After mating, the female digs a slanting or perpendicular tunnel in 
sandy soil and enlarges its lower end to form a chamber. This completed, 
she closes the entrance to the tunnel and flies into the air, circling over the 
burrow in what is called a “flight of orientation” or "locality study" be¬ 
cause it enables her to fix in her senses the exact position of the burrow in 
relation to the surroundings. Now she goes off in search of her prey which 
is a particular species of hairless caterpillar. When she finds one of these 
she stinp it. chews its neck, and sucks some of its blood without, however, 
killing it. Then she drags it to the entrance to her burrow. After opening 
up the entrance and making a preliminary inspection, she takes the cater¬ 
pillar down into the chamber and fastens a single egg to the surface of its 
skin, comes out, and closes up the burrow, which she leaves, never to re¬ 
turn. As soon as the next egg matures she repeats the performance. The egg 
hatches into a larva which after eating the caterpillar spins a cocoon, 
pupates, and emerges as an adult Sphex. 

Since the mother does not rear her offspring and indeed probably never 
sees them, there can be no question of this rather complicated pattern of 
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'r m’"': satisfactory explanation seems to beT 

re/iexe. following one npon another. Experiment has shown that 
the stinging of the prey follows as a reflex when the wasp seizes it and the 
under side of the wasp s bod) is touched by the caterpillar. 


C. INSECT SOCIETIES 

Insect societies hare interested zoologists and social philosophers from 
the earliest times, on account of their striking peculiarities and their re¬ 
semblances both real and fancied to human institutions. Four different 
groups of insects have developed “social institutions.” apparently inde¬ 
pendently of each other: the wasps, bees, ants, and termites, the last beine 

quite different from the ants in their structure and social organization. We 
will discuss the bees and ants. 

Many bees, like wasps, are solitary diggers, carpenters, or masons. Their 
nests, however, unlike those of the wasps arc provisioned with vegetable 
food. A step towards a social organization is shown by certain species, 
which build tlieir nests in groups connected by a common corridor with a 

single external opening. Our common bumblebees have a well-organized, 
although transitory, social system. 

The honeybee shows us the highest state of social organization found 

among bees. The common hive bee. Apis mellifica, kept in this country 

IS an importation from the Old World. The different domesticated races! 

German or black race. Italian or amber race, and the Carniolan or striped 

race, are all varieties of the same species. A colony consists of a single queen 

or fertile female, a number of drones or males, and numerous workers or 
infertile females. 

Under domestication bee colonics arc kept in hives. The ordinary hive 
IS simply a tightly closed wooden box with a small opening for the bees to 
enter. This, as far as the bees arc concerned, takes the place of a hollow in 
a tree trunk or a burrow in the ground. In this wooden box are fitted ver¬ 
tical frames of thin wood about four inches square and an inch and a half 
wide, which arc usually supplied with an artificial foundation of wax on 

which the bees build the honeycomb, consisting of small, hexagonal, wax- 
walled cells. 

A prosperous hive in summer may contain sixty thousand to eighty thou¬ 
sand bees. Of these one is a queen, several hundred arc drones, and the 
rest are workers (Fig. 15:7). In the central part of the hive are the brood 
cells. Here is found the queen passing from cell to cell laying a single egg 
m each at the rate of about one per minute. The eggs hatch in three days 
into soft-bodied, white, legless lan>ae which lie helplessly in the cells and 
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are fed bee milk, a mixture of digested honey and pollen, by the nurse 
t\orkers. As each larva reaches the end of its larval period the cell is cov¬ 
eted u’ith wax by the workers and the larva within spins a silken cocoon 
and slowly changes into a pupa. Metamorphosis now occurs. At the end of 
from ten days to two weeks a bee gnaws its way out of the cell. The cell 

fiom which it has emerged is cleaned out and used either to rear another 
larva or to store pollen. 

The majority of the cells, those not in the center of the hive, are used 
for storing lioney. Tlic worker bees collect nectar from flowers by sucking 
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Fig. 15:7 The honeybee Apis mellifica. Photographs by the U. S. Department of 
Agriculture, Bureau of Entomology and Plant Quarantine. 




It into their crops or honey sacs. This they bring to the hive and regurgitate 
into the cells of the honeycomb. Here it is matured into honey by evapora¬ 
tion of a portion of the water which it contains and the addition of a 
small amount of formic acid, probably from the salivary glands of the work¬ 
ers, which acts as a preservative. The stored honey is used to feed larvae and 
to provision the hive during that part of the year when nectar and pollen 

are not available. Other cells are used for storing pollen which is also 
used by the bees as food. 

Certain of the brood cells are made slightly larger than the majority. 
Into these cells the queen lays eggs which will develop into male bees or 
drones. These larvae are fed by the workers in the same way as the worker 
larvae, but have rather longer larval and pupal periods. 

A bee colony grows rapidly during the early summer and when a colony 
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shows signs of becoming too large lor its hire, preparations arc made for 

including a cp.cen Hies away 
> a body and founds a new colony. Steps arc taken by the wo, kers to brin-' 

into the world a netv queen. So.ne of the worker cells are greatly enlarged 

or new la.gc cells a.e made. The lart ae in these cells arc fed for the first 

hree days like norker larvae but after this they are fed lavishly on royal 

; fy, a rich albtmunous bee milk believed to be formed in the true stomach 

of the workers and regurgitated into the queen cells. The larval period of 

the queen larvae is approximately the same as that of the workers but the 

pupal period is shorter, about nine days. Usuallv swarming occurs before 

the young queen or queens emerge, for the old queen cannot tolerate even 
her own daughters. 

In their new nest the workers immediately begin to erect the honeycomb, 

and the queen to lay her eggs and found a new colony. The zaax for the 

honeycomb is secreted by the workers from glands on the under side of the 
abdomen. 

In the old colony when a new queen emerges there may be a second 
swarming or more usually the old colony may cominue with ilie new queen. 
Now occurs the nuptial flight. A drone from the same hive will not mate 
with die new queen, at least in the hive. Choosing a bright sunny morning 
she flies out. From ncigliboring hives drones, whicli may be la/ily sipping 
nectar, rise up and follow her. The queen flies higher and higher, out^ 
distancing all but the more powerfid males. Eventually one is successful, 
but in his success he dies, for copulation is fatal to the drone. The queen 
returns to the hive to continue the colony. A female copulates but once, 
the spermatozoa received into the spcrmatheca at that single copulation re¬ 
maining alive during the whole of her fertile life, which is about three 
years. 

The spcrmatheca opens into the vagina through which the eggs pass to 
be laid. The queen has the power to control the passage of sperms from 
the spcrmatheca into the vagina, and therefore to determine whether or 
not the egg will be fertilized. Females, workers and queens, arc dcvelojied 
from fertilized eggs, males from unfertilized eggs. As already stated, whether 
a female develops into a worker or a queen depends on its food during the 
latter part of its larval life. 

It is clear from this brief description of the bee colony that it is really 
a single family, the queen having given birth to the entire population 
which is, therefore, composed of brothers and sisters. Further, although the 

queen is carefully tended by the workers, she is not a ruler in the sense 
in which we use the term queen. 

Ant vasts arc made in the open soil, under stones, or in rotten wood. The 
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colony consists of a fertile female or queen, males, usually present only at 
certain periods, and workers which are infertile females. In many cases 
there are several different kinds or castes of workers adapted to special 
activities such as guarding the nest (soldiers), gathering food (workers 
proper), and nurse workers. These different castes are structurally/different 



Soldier 




omanesr 


Large worker worker worker 


(Fig 15:8) so that the species contains a number of different types of in- 
ivicua s. he dri\er and legionary ants are among the most conspicuous 
creatures of the tropics. They are the Huns and Tartars of the insect world, 
and move in vast armies which sometimes attack large animals and kill 
them. The harvesting ants collect seeds and store them in granaries under¬ 
ground. Some ants live in a close mutual relationship with plants. The 
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fungus-growing ants make underground gardens in which thcv grow a 

Le which - P'-‘ 

obwin honeydew. a sweet liquid which is really the excrement of the 
aphid. In the honey ants, certain individuals transform themselves for the 
storage of the liquid, hanging from the roof of the nest ivhere they are 
given plant juices or perhaps honeydew brought in by the workers until 
they swell into globular honey sacs. The workers of the slave-making ams 
go on expeditions to the nests of other ants, the workers of which they 
capture and bring to their own nests to work as slaves. The Amazon ants 
have become so addicted to the practice of slave-making that they have no 
true worker caste and are entirely dependent on their slaves. 

4. INSECTS IN RELATION TO MAN 

Insects are man's chief competitors in the struggle for existence. They 
eat his crops before he can harvest them and eat them after they are 
harvested, kill trees, lay waste forests, and destroy woodwork, cat his clothes, 
infest his body, and distribute horrible diseases. .So important is man's 
war against insects that its study is the subject of a special science, applied 
entomology, and to it is devoted a special branch of the government. 


A. USEFUL INSECTS 

A few insects are exceptions to this general indictment and can be listed 
as producers of important economic products. Such are the bee and the 



Caterpillar Cocoon Adult female moth 

J^g. 15:9 Stages in the life history of the silkworm Bombyx mnri. After Shipley and 
MacBride, by permission from College Z^^ology by Robert VV. Hegncr. Fifth Edition, 
^opynght 1942 by The Macmillan Company. 

Silkworm. The honeybee is considered at length in this chapter. Honey is 
the nectar of flowers ripened in the cells of the beehive. Natural silk is 
obtained from the cocoons spun by silkworms or larvae of the silkworm 
moths, of which there are a number of species, the best known being 
Bombyx mori (Fig. 15:9). The larvae are fed on the leaves of the mulberry, 
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which h grown for the purpose. Silk culture requires a great deal of hand 
abor. China and Japan, where such labor is cheap, are the great silk- 
productng countries. Southern Europe was at one time an i.nportant source 
of nattual silk, but the culture of silkworms is gradually being replaced by 
the more profitable manufacture of nylon a.id other silk substitutes. 

S. INSECT PESTS 

Mosquitoes have already been mentioned as the intermediate hosts of 

le parasites of three important diseases, malaria, yellow fever, and the 

disease caused by the filaria worm (filariasis) . In each case a dilferent species 

of mosquito is concerned. Malaria is transmitted by mosquitoes of the genus 

Anopheles, yellow fever by certain species of Aedes (Stegomvia), while 

die filaiia worm ,s carried by mosquitoes of a number of dilferent genera, 

hcie aie also manv other species of mostp.itoes which suck the blood of 

man. Mosipiitoes lay their eggs on the surface of the water in pools, bogs, 

reset von s, and even tin cans. The larvae are aquatic and spend from one 

o t lice weeks in the water before going into the pupal stage. The pupae 

oat at the surface of the water and give rise to the adult mosquitoes in 
Irom two to six days. ^ 

Various methods are used to combat mosquitoes but they all depend on 
doing away with the breeding places or destroying the larvae. .Swamps and 
ponds are drained, cisterns screened. Where the water cannot be drained 
away it can be covered with a thin layer of kerosene or crude oil which 
prevents the larvae from breathing, but this destroys the other animal life 
piesent W hen it is impossible or undesirable to use either of these methods, 

la enemies of the mosquito, such as minnosvs and dragonflies, may 
be introduced. ^ 

Houseflies arc not only a pest to the housekeeper but they are a constant 
menace as the carriers of the germs of disease from person to person and 
p ace to place. The houseny is known to be a carrier of typhoid and is afso 
believed to spread such diseases as tuberculosis, cholera, dvsentery, small¬ 
pox and diphtheria. The germs may be carried on the surface of the body 
of the fly especially the feet and wings, or the Hy mav eat the germs svith its 
food and pass them out in its feces. Experiments have shown that a single 
fly may carry over a million bacteria. The common housefly will breed in 
almost any kind of decaying organic matter, but it seems to favor horse 

manure. In this material the eggs are laid and the larvae feed, grow, and 
pupate. 

Lire (Fig. 15:10) are small wingless insects which live on the skin of 
mammals and suck their blood. Three species infest man. The head louse 
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en7ire'"ife' '’7 where it lays its eggs a.td passes throt.ghTu 

entne h e cycle. TIte body louse called also the clothes louse or Ira! 

ck, ts the cootie" of the First World War. It lays its eggs in clothing and 

o some extent lives there, obtaining its nourishment, however, by sucking 

blood. The body louse is dangerous as well as disagreeable since it trans” 

ram typhus fever relapsing fewer, and trench fever. The crab louse lives on 

skin and in the hair of the lower abdomen and groin. The name refers 
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EGG OF head- 
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MALE FLEA 



FEMALE FLEA 


Pig. 15:10 


Exlcrnal insect parasites of man. 


to the fact that ilic legs slick out from the sides of its hotly like iliosc of i 
crab. 

The bedbug, is a somewliat larger insect than the lice described above, 
with an oval abdomen, much compressed dorso\entralIy, and cither no 
wings or rudimentary wings. I>uring the day it hides in cracks or under 
carpets and at night goes abroad in .searcli of its meal of blood. 

The third group of insect parasites whicii plague mankind are the fleas. 
These small. laterally compressed, wingless animals are parasitic only in 
their adult stage wlicn they live in the hair and suck the blood of birds and 
mammals. Their larvae are wormlike and live in and on the dust and dirt 
which collects in cracks, under carpets, and in the folds of upholstery. Fleas 
are not very particular about their hosts and the Heas of domestic animals 
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may annoy man. The Indian rat flea is of importance as a transmitter of 
the bubonic plague. 


C INSECTS INJURIOUS TO PLANTS 

Not less important are the many types of insects which feed upon and 
destroy plants. The insects which are most injurious to crops are nearly 
always insects which have been introduced from foreign countries. The 
reason for this is biological. In their natural habitats all insects have en¬ 
emies which are often other insects which keep them in check. When they 
enter a new country or are artificially introduced their enemies are left 
behind. In many cases the introduction of these very enemies from the 
foieign countries has proved a successful method of control. 


D. DESTRUCTIVE INSECTS 

Many insects destroy the products of human industry. Two examples 

may be considered, the termites and the clothes moths. Termites are social 

insects which form colonies somewhat like those of ants. They attack and 

destroy particularly structures and articles made of wood. There are three 

species of clothes moths, the larvae of which live on woolen clothing and 

furs. The naked clothes moth is the most common. Its wings are of a light 

straw color. The case-bearing clothes moth is brown with three dark spots 

on each forewing. In the tube-building clothes moth, or tapestry moth, the 

forewings are black and white. In all three species the moths are small, 

having a wing spread of about one-half inch. In each case it is the larva 
which does the damage. 



CHAPTER 16 

The Invertebrates as a Group 



Before going further in the study of animal structure it will be well for 

us to review the types already studied from the point of view of the steps in 
evolution which they indicate. ^ 


1- review of the phyla already considered 

th arranged in a scries beginning with 

PlatvhT “\ tiu-ough the Coeienterata, 

tyheiminthes, Nemathelminthes, and Annelida to the Arthropoda (Fig. 


sin!!! u individual con,sists of a single cell or colonies of 

g e-celled individuals. In many cases the individual cells show a high 

egree of differentiation, but the progress of their evolution seems to be 

limited by the size which a cell may attain and the amount of specialization 

w ich can occur in the different parts of the protoplasm of a single cell 

he formation of colonies of single cells may have been the method by 

Which multicellular animals were evolved from simple, single-celled forms. 

e cellular structure of the more highly evolved Protozoa, for example 

hat of Paramecium, is quite different from the cellular structure of the 

ceils of a multicellular animal such as Hydra or the earthworm. Animals 

Ike Paramecium are on a bypath off the general trend of evolution toward 
Higher forms. 


he coelenterates are sadike animals with a body consisting of two lay¬ 
ers of cells surrounding a gastrovascular cavity. Hydra seems to represent 
simple type of animal which may resemble the ancestor of higher types 
he alternation of generations seen in this phylum is a special development 
and not related in any way to the development of higher forms as was 
louncl to be the case in the alternation of generations of plants. 

In the rtatworms the sadike structure of the coelenterates has been elab- 
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orated by the formation of a third kind of tissue, the mesoderm, and the 
development in it of special organs. Bilateral symmetry is associated with 
locomotion and a more active life than that of the coelenterates. The ma¬ 
jority of the existing members of this phylum have taken to parasitism and 
manage to find a living under rather special conditions. These latter are to 
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erism, jointed append- 
' joinren ivi • -• , ^gcs, and a well-de- 

oppendage system veloped head 


Fig. 16:1 The evolution of structure in six invertebrates. 


be regarded as har ing taken a bypath as far as the general course of evolu- 
tion IS concerned. 

In the roundworms the tube-within-a-tiibe type of body structure ap¬ 
pears. riic cavity between the t^vo tubes is not, hotvever, a true coelom and 
this fact raises considerable doubt as to whether these animals are on the 
line of descent of animals which, like the earthworm, have a true coelom. 

In the segmented worms the tube-within-a-tube type of structure is 
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present with a true coelo.n and metamcris.n appears for the fust tintc 

sTsten :\Z:T:T ^ cncdatcTsystetn and a nerl; 

aid ,1 1 ! '-'ructurc shows great possibilities 

rs s ■’ -....o::: 

The arthropods show two advances: the appendages are jointed and 
latterrr ^ differentiated. Although the 

locomotton u ts conspicuously developed it. this phylum. Small but true 

eTds rtre'’“'“ -gans and at the internal 

Ifls nl t ■" ancestors 

ton air i"’ T-’' The e.vternal skele¬ 

ton, although making possible the development of jointed appendages and 

more active life, limits the giowth and sire of the animals' Lid pflball 

to some extent accounts for the relatively small sire of arthropods in gen 

eral as compared with vertebrates. One can scarcely say that the arthropods 

a.c on a bypath when the group includes at least half the known species 

o organisms. However, it is dot.btful if the ancestors of any of the other 

phyla of the animal kingdom arc to he found among them. 


2. ADDITIONAL PHYLA 

There arc three important phyla not yet considered btit which cannot 

be omitted in any survey of the invertebrates. They are the Porifera or 

sponges, the Echinodermata, for which sve have no inclusive common name 

and the Mollusca or mollusks. These phyla do not seem to be on the maiti’ 

hue of evolution of the vertebrates but they nevertheless possess consider- 
able biological inicrCsSt. 


A. SPONGES (PHYLUM PORIFERA) 

Sponges are widely distributed in both fresh and salt water. They vary 
considerably in si/e and shape. Some may reach a si/e of two and one-half 
to three feet in diameter. Otliers form thin colored incrustations on rocks. 
The presence of numerous pores on tlic external surface of the animal, 
through which water is taken to the interior, accounts for the scientific 
name of the group, which means "pore bearers.” Some of the earliest fossil 
animals were sponges. They formerly had considerable commercial impor¬ 
tance. their skeleton providing the sponges of commerce. However, these 
are now being replaced by artificial products. A convenient laboratory type 
IS Grantia (I-ig. IG;2), a little vase-shaped creature which lives perma- 
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nently attached to rocks and wiiarf piles, just below low tide. The interior of 
the vase is occupied by a cax’ity which opens to the exterior at the top by 




Fig. 16:2. A simple sponge, Fig. 16:3. A section showing the flagellated 

Grantia. By permission from cells of a sponge. After Shipley and MacBride, 

Animal Biology by Lorandc by pcvmi^xon hom Outlines of General Zoology by 

Loss Woodruff. Second Edi- Horatio Hackett Newman. Revised Edition, 

tion. Copyright 1938 by The Copyright 1929 by The Macmillan Company. 

Macmillan Company. 

an opening called the osciilum. TVaicr enters the sponge through pores in 
the outer surface which communicate with this cavity by canals and leaves 
through the osculum. 

A layer of cells which has been found not to correspond with the epi¬ 
dermis of Hydra, covers the outer surface of 
the sponge and lines the outer portion of the 
canals. The cavity and the inner portion of 
the canals are lined with an inner epithelinm 
which in the case of the inner canals is com¬ 
posed of peculiar flagellated cells resembling 
Protozoa (Fig. 16:3). The inner epithelium 
has been found not to be comparable to 
the gastrodermis of Hvdra. The flagellated 
cells create the currents by which water is 
Fig. 16:4 Sponge spicules. caused to enter at the pores and pass 

through the canals to the cavity and out through the osculum. 

Between the two epithelial layers is a gelatinous material containing 
amoeboid cells. The skeleton of Grantia, like that of most sponges, con- 
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sists of minute spic^des whidi are formed by cells 
layer. Some spicules are illustrated in Figure 16:4. 


in the outer 
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epithelial 


6. ECHINODERMS (PHYLUM ECHINODERMATA) 

is S'str'fisr'Sr' spinyskinned n,an„c animals. A familiar exa.nple 
IS he starfish. Other examples are sea urchins, sea cucumbers, brittle st.'rs 

and sea hhes. The starfish (Fig. 16:5) is a radially symmetrical aninml in 



by ^rMac3a?cfmf:n7 ^°PVrigh.",'93l 


Which respect it resembles Hydra. Arms or rays, usually five in number, ex¬ 
tend out like the points of a star from a central portion. As the starfish is 
usually seen on a rock or on sand, its mouth is at the center of the under 
surface while the anus is on the upper surface. The outer surface of the 
body IS covered with epidermis. The hard skeleton, which is so conspicuous 
in a dried specimen, is an internal skeleton consisting of numerous small 
calcareous plales. The plates are arranged to form a more or less continuous 
ut Ilexiblc case which can be moved by bands of muscles extending be- 
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tween the plates. The spines which stick out all over the animal are cov¬ 
ered with a layer of epidermis. 

Along each aim the surface is folded inward to form a groove which 
extends from the tip of the arm to the mouth. In these grooves are tube 
feet, small muscular tulies filled with water and ending in small vacuum 
discs which enable the starfish to catch hold'of a rock or other object and 
either to move the olijcct toward itself or to pull its own body toward the 
lock. The tube feet are connected with a complicated system of canals and 
vesicles, called the water-vascular system, which will not be described here. 
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Coelom 
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Anus 


Digestive cavity 

Epidermis 



Calcareous 

plotes StomacK 

DISC 


Mouth Nerve cord Water-voscular canal 
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Fig. 16:6 A longitudinal section through the center and one arm of a starfish. 


The body wall including the skeleton surrounds a large body cavity 

which contains various internal organs and is a true coelom (Fig. 16:6). 

The mouth leads into a relatively large, thin-walled stomach, from the 

uppei portion of which branches of the digestive cavity extend into the 

arms. Starfish feed on shellfish, marine worms, and small Crustacea. In 

eating a mussel or clam the starfish first opens the shell by catching hold of 

it with the tube feet of opposite arms. After this the starfish turns its 

stomach partially inside out and envelops the soft parts of the clam or 

mussel. In this way the edible portions are gradually digested and taken 
into the body. 

The starfish is without special blood-vascular or excretory systems. Ab¬ 
sorbed food and waste materials are carried in the coelomic fluid. At the 
end of each arm is a simple eye consisting of cells containing pigment. The 
mbe feet are also sense organs. The nenfous system consists of nerve cells 

in the epidermis and some of the deeper tissues and of nerve cords extend¬ 
ing to different parts of the body. 

The sexes are separate. The reproductive organs, very much alike in the 
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two sexes, are located at the bases of the arms Th. , 

extruded into the water, where fertilization takes phce Ht 

derms are very favorable objects for thp i r ^ ^ echino- 

and their development will be referred to'Lr^^m;Td,a,^f 
All echinoclcnns are radially symmetrical rh^ • • , ' 

repeated and arranged liRe the spo.cs of a .h’ee. 

have a well-developed coelom and t ^ rcnttal ax.s. They 

usually an anus. Their skeleton is an 
internal skeleton composed of cal¬ 
careous plates. Except in the attached 
forms, locomotion is by means of 
special organs called tube feet. They 
are all marine animals. The phylum 
IS of interest not only because of its 
abundance at the present time in the 
sea but also because of its long and 
e\tcnsi\'c fossil record. 

C. MOLLUSKS (PHYLUM 
MOLLUSCA) 


Mollusks include snails, slugs, clams, 
mussels, oysters, squids, and octopuses. 

The fresh water mussel, Anodonta, is 
a convenient type to study. 

The s/iell of this animal consists 
of two symmetrical halves or valves 
hinged together by a tough elastic 
ligament (\Cy.7) . The animal is bi¬ 
laterally symmetrical, and the hinge 
marks the dorsal side, the opposite 
side being ventral. The surface of each 
valve shows curved lines of growth 
^*hout a bulge at the anterior end 
of the hinge called the umbo. When 

the mussel is in iis natural habitat, in the mud or sand of ponds or streams 
valves are slightly separated and from the ventral side at one end which 
dtstingutshed as anterior, there projects a fleshy mass called .He , 00 ’t li^ 

MnlX'r ""‘I ■'rr 

ent s,phon while the more ventral is the inhalrm siphon. 
hen the valves are pried apart they are seen to be lined with a soft 



Fig 16:7 A fresh-water mussel Anodon¬ 
ta. Above, interior of shell; below view 

of the animal in its natural position in the 

^ o*' stream. 

After Shipley and MacBride, by permis- 

Sion from College Zoology by Robert W. 

egner. Third Edition. Copyright 193J 
by The Macmillan Company. 



212 THE INVERTEBRATES AS A GROUP Ch. 16 

membrane called the mantle which is continuous with the tissue of the 
siphons (Fig. 16:8). The shell, which is mostly calcium carbonate, is 
secreted by cells in the mantle. The mantle surrounds a cavity, the mantle 
cavity. Into the central portion of this cavity the foot projects, and into the 
lateral portions the large platelike gills, a pair on each side. Two large 
adductor muscles, one anterior, the other posterior, extend between the 
valves of the shell. The contraction of these muscles closes the shell. The 
inner surface of the mantle and the surfaces of the gills are ciliated. The 
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Fig. 16:8. A fresh-water mussel Anodonta. View of the right side with one valve 
removed and the right gills folded back. After Shipley and MacBride, by permission 
from College! Zoology by Robert W. Hegner. Third Edition. Copyright 1931 by The 
Macmillan Company. 


cilia cause water to enter at the inhalent siphon and pass out at the ex¬ 
halent siphon. 

The internal organs (Fig. 16:9) are imbedded in a solid mass, of which 
the foot constitutes the ventral portion. The month opens into the mantle 
cavity just under the anterior adductor muscle. A short esophagus leads 
into the stomach, which in turn leads into a long, coiled intestine. The 
coelom is reduced to a single cavity, the pericardial cavity surrounding the 
heart, which lies dorsal to the other organs. The intestine passes through 
this cavity and through the heart before opening by the anus into the 
posterior dorsal portion of the mantle cavity near the origin of the exhal- 
ent siphon. The excretory organs consist of one pair of modified nephridia 
opening on the one hand into the coelom surrounding the heart and on the 
other hand into the mantle cavity. The heart pumps the blood through 
arteries to the various organs of the body, from which it is returned to the 
heart by veins. The nervous system consists of three ganglia connected by 
nerve cords: one ventral to the stomach just where the esophagus joins it. ^ 
second ventral to the posterior adductor muscle, and a third in the foot. 
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Fig. 16:9 A frrsh-watrr mussel Anodcjiua. A view uf iIk- k-ft sick- ciisscctcd so -.s to 
\iow t c int^nal organs. Alu-r jamtnes, by pc-nnission from ColUi>e ^ooh(-y by Robc-ri 
U. Hegner. Third Ldmon. Copyriglu 1931 by The Maemiilan Company 

tlic mantle cavity, where they are fertilized by sperms from another mussel 
carried in the ciirient of water entering by tlie inhalem siphon. 
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T'lie eggs hatch out into a peculiar kind of larva which resembles an adult 
mussel in having a shell consisting of two halves that are closed by a 
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muscle, but clilltrs surprisingly in its mode of life (Fig. 16:10). In An- 
odonta the eggs are usually fertilized in August, and the larvae remain 
in the mantle cavity of the mother through the winter. In the spring they 
pass out into the water where, if they arc fortunate, they become parasites 
on the skin or gills of fish. They attach themselves by catching hold with 
their shells. The skin of the fish grows over the small parasites, forming 
blackheads.” In this position the young mussel leads a parasitic existence, 
obtaining its nourishment from the tissues of the fish for from three to 
twelve weeks, during which lime it giadually metamorphoses into the adult 
form, w'hich drops off the fish and continues its life on the river or lake 
bottom. The parasitic stage of the fresh water mussel is an adaptation for 
wider dispersal. By becoming attached to the fish it is carried to new feeding 
grounds. Not all mollusks pass through a parasitic stage. The oyster, for 
example, leads an independent existence throughout its life. 

The phylum Mollusca is of interest on account of its abundance in fresh 
and salt water and its long fossil record. It is of economic importance not 
only on account of the large number of edible species but also because it 
provides food for many other edible animals including many fishes. 



CHAPTER 17 


The Vertebrates 


crtebratcs arc our most familiar animals anti include all the various 
kinds of fishes, frogs, salamanders, reptiles, birds, and mammals. They aie 
the most highly organized of all animals and dominate the land, the air, 
and the sea. Some of the reasons for their success will become apparent by 

comparing them with invertebrates and the comparison will serve also to 
bring out their distinguishing characteristics. 


1* A COMPARISON OF VERTEBRATES AND INVERTEBRATES 


Two characteristics distinguish at a glance most verichratcs from inver¬ 
tebrates {hwertebrate is a general term used to designate all animals which 
are not vertebrates). All typical vertebrates have two pairs of appendages 

(fins or legs), while invertebrates, if they have appendages at all, usually 
have several pairs. ^ 


Although the body of a vertebrate may be more or less enclosed in a 
protective covering of scales (fishes) or horny plates (reptiles), the sup¬ 
porting skeleton is internal and consists of cartilage or bone, both of which 
materials contain living cells and arc capable of growth and modification 
during life. On the other hand, the supiiorting skeleton of invertebrates, 
when one is present, consists of a secretion of the epidermis (arthropods, 
mollusks, and coclenterates), or of a scries of interlocking mesodermal 
plates (echinoderms) or spicules (sponges). In the case of the arthropods 
growth of the animal is po.ssible only by casting off the skeleton and se¬ 
creting a new one. In mollusks growth of the shell occurs only in thickness 
and at the margin. In echinoderms continuous growth of the skeleton oc- 
curs and in this respect these animals resemble vertebrates. 

In the soft parts the striking and imporiant differences are in the nervous 
and respiratory systems. The nervous system of a vertebrate consists of a 
long tube extending tlic length of the body, enlarged in the head to form 
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the brain. I his nerve or neural tube lies in the neural canal' of the 
vci tebral column and is formed in the embryo from an infolding of the 
outer cell layer of ectoderm. In the adult the walls of the ner\ e tube become 
thickened and contain numerous nerve cells, from which nerve fibers go 
to the various parts of the body. The invertebrate nervous system is built 
on an entirely different plan. It consists, in the higher invertebrates, of a 


HIGHER INVERTEBRATE 


Mouth 


Dorsal heart 


Skeleton external 



Anus 


LOWER VERTEBRATE 


Dorsal tubular central 



Fig. 17:1 A higher invertebrate compared with a lower vertebrate. 

series of solid ganglia all of which, with the exception of the most anterior 

pair (most invertebrates) or pairs (some insects), are ventral to the diges¬ 
tive tract (Fig. 17:1). 

In the higher invertebrates the respiratory organs are formed from the 
exteinal cellular layer of the body, either as outgrovx'ths (most aquatic 
forms) or as ingrowths (insects which arc typically land forms). In insects 
line air tubes ramify among the cells of the tissues, and oxygen passes to. 


^ Sec Chapter 18, Section 1. C. 
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and carbon dioxide from, the diireient pans of the body largely by dif 
usion through these tubes. The respiratory organs of lertebrttel arl de' 
seloped from the lining of the pharynx. In fishes they consist of gills 
ssociated tvith gill clefts opening from the pharynx to the exterior breath 

the gtlls and through the gill clefts. In reptiles, birds, and nnnmnals, 
table 17=1. CO.MPARISON OF INVERTEBRATES AND VERTEBRA,ES 


Appendages 

Skeleton 


tllGHFR l.WtJlTF.BRATES 

If present, usually several pairs 

l^sually external and formed as 
a secretion of the outer cell 
layer. Docs not contain living 
cells 


Nervous 

system 


Respiratory 

system 


Solid ganglia connected by 
nerve fibers to form a chain, 
the main portion of which is 
ventral to the digestive tract 

Usually developed from the 
outer cell layer, \aries greatly 
in the different phyla 


Circulatory Usually not a closed system, the 
system blood passing into cavities. The 

Iieart when present is dorsal. 
The respiratory pigment is dis¬ 
solved in the plasma of the 
blood 


vfrtf.braiks 

T>pically two pairs, never more than two 

Internal. A notochord in the embryo 
partly or completely replaced in the adult 
by a vertebral column and appendicular 
skeleton of cartilage or bone which con¬ 
tains living cells 

A hollow tube, dorsal to the notochord or 
centra of the vciiebral column and en¬ 
larged anteriorly to form a brain 


Developed in relation to the wall of the . 
pharynx and consists of either gills or 
lungs; gill clefts present in the etnbjyos of 
all \criebiates 

A closed system with arteries, veins, and 
capillanes. The heart is vcntial and an¬ 
terior. The hemoglobin of the blood is 
contuined tii red blood corpuscles 


air sacs called lungs are developed from the floor of the pharynx and 
breathing is accomplished by passing air in and out of these sacs. However, 
gill clefts appear in the embryos of even those vertebrates (reptiles, birds,' 
and mammals) which are without functional gills. 

In most of the higher invertebrates the vascular system is an open one, 
that is, the blood is not confined to blood vessels but passes into a space or 
spaces in the body. In vertebrates the blood is confined to arteries, capil¬ 
laries, and veins, and circulates along definite paths. The heart or other 
pumping organ of invertebrates is usually dorsal to the digestive tube. In 
vertebrates it is ventral and anterior. The respiratory pigment, that is the 
substance winch combines with oxygen and aids in its transport to the 
tissues, when present in invertebrates, is dissolved in the plasma of the 

blood. In vertebrates the respiratory pigment, which is hemoglobin is 
contained in the red corpuscles. 

The accompanying table (Table 17; 1) summarizes the differences in 
Structure between vertebrates and higher invertebrates. 
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2. SOME PROBLEMS SOLVED BY THE VERTEBRATE TYPE 
OF STRUCTURE 

Hou ha\e tlicsc striictuia] features contributed to make the vertebrates 
a successful group by solving some of the major problems which confront 
an animal li\ing in uater, on land, or in the air? It seems probable that 
the restriction of the appendages to two pairs, as occurs in vertebrates, has 
been an impoitant contributing factor to the development of the anterior 
of the neuial tube into a dominant brain. The tubular type of central 
nersous s\stem combined with the reduced number of appendages seems 
to be particulail^ adapted to the development of the type of nervous sys¬ 
tem which shows less stereotyped and more varied reactions. The problem 
of support for theii soft parts is solved in vertebrates by developing an in¬ 
ternal skeleton which can be added to or subtracted from as the growth 
of the animal requires without interrupting its activities. The growth and 
absorption of bone and cartilage is possible because they contain living 
cells which build up or break down the skeletal material. In their dorsal 
position in vertebrates, the brain and spinal cord are protected and iso¬ 
lated from the movements and other changes which go on in the organs of 
the abdominal cavity. The advantages gained by the development of the 
respiratory organs from the pharyn.K are chiefly due to the fact that they 
then come to occupy a position close to the heart. In this position they 
arc able to rccci\e the blood directly from the heart and to aerate it previ¬ 
ously to us distribution to the various organs of the body. A closed 
vascular system provides for a more rapid and complete circulation of the 
blood. Being ventral and anterior, the heart is near the respiratory organs 
and removed from the nervous system. The red corpuscle with its contained 
licmoglobin is a much more efficient carrier of oxygen than invertebrate 
blood. Other features which have contributed to the success of the verte¬ 
brates, especially the higher forms, will be discussed in the chapters which 
follow. ^ 


3. THE PHYLUM CHORDATA 

Although a large and important group, the vertebrates do not constitute 
a phylum, but the subphylum \'crtcbrata. The phvlum Chordata to which 
the subphylum Vertebrata belongs includes three other subphyla. These 
latter include a number of inconspicuous and unfamiliar small animals 

wliich show possible stages through w'hich the ancestors of the vertebrates 
may have passed. 
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4. THE VERTEBRATES 

Tl,c vc.-.cl,nucs na„.,allv fall into l,ve n.l.os, a,„,>,,il,ians, .cp- 

t ic, bnxls a>ul .nanunals. The lasc lou. group, arc rccoguocxi as classes 
and nan.cd accord.nglv class A.nphibia, class Rcptilia, class .\scs, a.ul class 
Manuiiaha. I be animals ue ihink of as fishes cl« not lorn, a sin..|e class 



Fig. 17|2 A jawlrss fish, the lainpiey Petionivzon. After Dean, by permission from 
M'Zilfan fompan;""^' The 


Livitig fishes are giouped into three classes svliich may be called the jase- 
Icss fishes, the cartilaginous fishes, at.d the bony fishes. Most of our com- 
iiloa fishes are bony fishes. 

The jawless fishes are the most primitive of vertebrates. They have routui, 
sucking mouths without jaws, numerous gill clefts, no i>aiied appemlages, 
and a poorly developed skull. An example is the sea lamprey (Fig. 17;2), 



Ftg- 17:3 A cartilaginous fish, a common dogfish, Mustdus. Photoeraoh bv 
J- W. Mavor. 


which inhabits the Atlantic coasts of North America, Europe, and Africa. It 

seeks fresh water to spawn, and in the spring ascends rivers for this pur¬ 
pose. 

The cartilaginous fishes are, with a few exceptions, medium or large- 
sized marine fishes (Fig. 17:3). They include the sharks and rays. Their 
skeleton is of cartilage or gristle. The brain is enclosed in a cranium to 
which the upper and lower jaws are loosely attached. The scales consist of 
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bony plates which bear tecthlikc ena.rrel projections. These projections 

f t oi i r and indeed the dried 
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^torld. The mouth opening is usually on the under side. The gill clefts 
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In the ho„y f.shes, the skeleton is composed, at least in part of bone In 
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op.cal fish less than half an inch in length to the giant tarpon; in shape. 



ColUg, Zoology by RobcrI'w. Hc|n^ Thir"Edit “*' *’>' Permission from 

Company. ® "ird Edition. Copj-nght 1931 by The Macmillan 
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*""g once numerous, there 

ate now only three existing genera, the Australian lungfish (Fig. 17:5), the 
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there is an i.V m..Ti . ...iungnsn. m each of these 

lung L "rXs ; “ a 

ox)g n. The African Inngh.h ,s able to survive the dry season when the 
inaishes dry up by burrowing in the earth and breathing air 

taken in the case of the air-breathing sertebrates, a group of early fossil 
-shes ^vhich also iuicl h.ngs arc. on account of iltcir skeleton and the rc- 



Fig. 17:6 An amphibian, a frog, Rana. Pliolograph by J. W. Mavor 


semblance of their fins to arms and legs, thought to be more directly on the 
line of descent of the higher vertebrates. 

The amphibians (class Amphibia) include the frogs and salamanders 
(Fig- 17:6). The name Amphibia refers to the fact that many of these 
animals lead a kind of double life, partly acjuatic and partly terrestrial. The 
larvae, usually called tadpoles, are always atpiatic and breathe by means of 
gills. Lungs are developed in most species in the adults even when they 
spend their entire existence in the water (as is the case with the mud 
puppy Necturus) and breathe air. In nearly all cases their eggs arc laid in 
water so that even those which leave the water for a part of their lives 
return to it in the breeding season. The appendages of amphibians are 
adapted for crawling rather than swimming and are built on the same 
plan as those of the higher groups of Vertebrates. The surface of the hodv 
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is smooth and slippery and witlioiit scales, except in certain legless tropical 
forms. Like the previous three classes, they are cold-blooded. In regions 
where the temperature in winter goes below freezing the Amphibia burrow 
into the mud at ilic bottom ol ponds and marshes, where they hibernate in 
a dormant condition awaiting the coming of spring and warmer weather. 

The reptiles (class Reptilia) include lizards, snakes, turtles (Fig. 17:7), 
tortoises, crocodiles, and alligators, and numerous bizarre extinct forms 
such as the dinosaurs and pterodactyls. Reptiles are land animals, although 
a few, like the turtles and crocodiles and the ancient ichthyosaurs, have 
secondarily taken to water. Although gills are present in the embryo they 
are never (unctional. \Vhen hatched, the young breathe air with lungs. 
1 heir bodies are covered with horny scales formed from the outer layer 



Fig. 17:7 A reptile, a painted mud turtle, Chrysemys. Photograph by J. VV. Mavor. 

or epidermis of the skin. Reptiles, like amphibians, are cold-blooded, and 
those which live in regions where the temperature goes below freezing go 
through a period of hibernation. Once the dominant group of animals upon 
the earth, reptiles are now rapidly becoming extinct, chiefly at the hands 
of man. 

I he birds (class Aves) include all types of birds (Fig. 17:8). No one 
has any difficulty in recognizing a bird (Fig. 17:8). Its feathers are unique- 
They are really modified and embellished scales. The forelimbs are adapted 
to flight. Although some fossil birds had teeth like reptiles, these are re¬ 
placed in all living birds by a horny covering or beak. .All birds hatch 
from eggs and are warm-blooded, that is to say, their bodies are maintained 
at a relatively constant ‘Svarm” temperature. This higher temperature en¬ 
ables them to control their metabolic processes to an extent not possible 
for either amphibians or reptiles and to live and remain active in regions 
where the temperature goes below freezing. 
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Marnwals (class Maninialia) arc cliaiactcri/cd bv belli!; rovciccl wiili 
la.,-, which takes the place o. the scales o, reptiles, and ij leedine ibeii 
>oung with a secretion called m,7/c loriiied in glands called v M 

winch arc developed in the sk.n ot the ventral side of the b„cK.”,n all 
e.\ccpt two very primitive foniis, the duckbill and the spiny ■atueater ” 
which lay eggs, the )oung are born alive and are like their parents. The 



17:8 A bird, a gull diving for a fish. Photograph by Dr. E. G. Evans, reproduced 
permission of Carl Zeiss, New ^ ork. 


niammals are all warm-blooded and active animals, although some, like the 
brown bear, may liibcrnate in winter. 


5. THE MAMMALS 

Mammals are divided into three subclasses, which may be called the 

egg-laying mammals, the pouch-bearing mammals, and the placental mam¬ 
mals. 

Considerable interest attaches to the three living genera of egg-layhig 
mammals, survivors of a geological age long past. The duckbill (Orni- 
tliorhyncluis: Fig. 17:9) is a woolly creature about the si/e of a large ground 
hog with short legs. The front feet are webbed and in the adult the teeth 
are replaced by horny pads giving the snout somewhat the appearance of 
a duck's bill or beak. The animal is confined to South Australia and the 







Fig. 17:10 A pouch-bearing mammal, a kangaroo, Macropus, with a young one in 
its pouch. Photograph reproduced by permission of the Australian National Travel 
Association. 
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proechicina. They aee of zruj::!: ^Lf 

"pTn™ ltd'"''" '"r?- ’'" ‘'^to.:t 

spines. The head ,s extended into a long, tubular snout on the end of 
^^hlch IS the small mouth. 1 he animals live on ants, for which they burrow 

“ TheT u‘iT'"VT ‘'•n-' New Guinea. 

The duckbill and the spiny ant- 


eaters lay eggs. The eggs of the 
duckbill are about three-quarters 
of an inch in length and covered 
^vith a leathery shell; those of the 
spiny anteaters are about half an 
inch in length and have calcareous 
shells. The spiny anteater places its 
single egg, as soon as laid, in a fold 
of the skin of the abdomen, wliich 
forms a pouch where it is incu¬ 
bated until hatched. The duckbill 
lays it§ two eggs and rears its young 
in a burrow undergiound. In both 
animals numerous ducts convey the 
milk from the mammary glands to 
depressions on the surface of the 
abdomen, from which it is licked 
hy the young. 

The pouch-bearing mammals 
bear their young alive but in a 



very immature state. The develop¬ 
ment is continued in the abdominal 
pouch. In this pouch the young 


Fig. 17:11 A placental mammal, a lion 
cub, Leo. Photograph on Ansco film repro¬ 
duced by courtesy of the An.sco Corporation. 


attach themselves to long teats. A specially developed structure connects 
the windpipe with the nasal cavity in the newborn animal and makes it 
possible for the mother to force milk througli the teat and into the esopha¬ 
gus without interrupting its breathing. These mammals arc all confined 
to Australia, Tasmania, New Guinea, and the near-by islands, except for 
the different species of American opossums. In Australia they largely take 
the place occupied by the placental mammals elsewhere in the world. There 


are pouch-bearing “cats,” “wolves,” “otters,” “moles,” 
and the peculiar kangaroo (Fig- 17:10). 


“rabbits.” 


“anteaters,” 


The placental mammals are the dominant group of mammals, indeed of 
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land animals, today (Fig. 17:11), The young are nourished during their 
intra uterine life by a placenta and are born alive. The placenta is a 
\ascular and protective structure formed partly from tissues contributed 
b> the embryo and partly from tissues contributed by the mother. In the 
placenta the blood of the mother surrounds blood vessels from the embryo, 
without there being any direct transfer of blood between the two organisms. 
The embiyo receives its nourishment and oxygen from, and gives its waste 
products to, its mother by diffusion through the walls of the placental blood 
vessels. The placenta makes possible the prolonged and advanced develop¬ 
ment of the young mammal in the warm and protecting body of its mother. 

6. THE EVOLUTION OF THE VERTEBRATES 

The origin of the vertebrates, like the origin of life, is obscure. How¬ 
ever, the main lines of evolution within the group are fairly clear once a 
type with the essential vertebrate characteristics was established. In the 
early Paleozoic era, about six hundred million years ago, a primitive, jaw¬ 
less animal gav'e rise to the fishes. From the fishes were evolved the am- 
phibia. From the amphibia the reptiles were evolvetl. During their evolu¬ 
tion the reptiles gave rise on the one hand to the birds, now probably at 
the height of their evolution, and on the other hand to the mammals which 
now dominate the earth. 



part IV. Human Anatomy and Physiology 



CHAPTER 18 


Support and Movement 



In taking man as an example of a vertebrate and as an animal in which 
to demonstrate the general jirinciples of anatomy and physiology, it is to be 
noted that in many respects he is not typical of the vertebrates or of tlie 
animal kingdom. Nevertheless, his body both in its structure and the 
functioning of its several parts is in many respects fundameinally similar 
to the bodies of the other vertebrates. Thus in studying the \ arious sy stems 
which are concerned with support, movement, digestion, respiration, ex¬ 
cretion, distribution of materials, coordination of activities, and the repro- 
ducuon of the species, we are not only acquiring a knowledge of our own 
bodies, but also a general knowledge of the life processes which go on in 
a more or less similar way in all animals. 


Man is probably the only animal which stands, walks, and runs with his 
body held erect. This may, but need not, lead to confusion when his body 
is compared with that of another vertebrate such as a dog. frog, or fish. To 
make the comparison one must imagine the man walking on all fours or 
stand the animal with which he is to be compared upright. \Vhcn man 
adopted the erect posture in which the main axis of the body is held ver¬ 
tical, the axis of his head remained horizontal so that his eyes continue to 
look forward and his mouth to open in front. Thus when a man gets down 
on his hands and knees he cither looks downward or has to throw his 
head backward into an uncomfortable position to see where he is going. 

The human body is divided into head, neck, thorax, and abdomen. The 
neck allows the head to be turned and moved upon the shoulders. This is 


a great advantage to a land animal but would be a disadvantage to any 
animal that lives and swims underwater. A fish has no neck nor has a 
whale. It will become apparent in the chapter on respiration (pp. 256-258) 
that the division of the trunk of the body into thorax and abdomen is an 
adaptation to the method by which air is drawn into and forced out of the 
iungs in land animals. 


229 



220 


SUPPORT AND MOVEMENT Ch. 18 


1. THE SKELETON 

A. THE SKELETON IN GENERAL 

In a very general wav the skeleton suggests the form and divisions of 
the body as a whole (Fig. 18:1) . It may be divided into axial and appen¬ 
dicular portions. I he oxia/ portion consists of the skull, which forms the 
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Fig. 18.1 The human skeleton. After Kimber, Gray, and Stackpolc, by permission 

from Co lege Zoology by Robert W. Hegner. Fifth Edition. Copyright 1942 by The 
Macmillan Company. 


skeleton of the head, and the vertebral column, rib.s, and breastbone, which 
form the skeleton of the trunk. The appendicular skeleton consists of the 
bones of the appendages, in this case the arms and legs, and the girdles or 
ring-like framework to which the limbs arc attached. 



Art. 1 the skeleton 

23 J 

First, as already 

ndtcated u supports the body which, if composed cntirelv of soft parts 
vould collapse. Second, it provides attachments for the hodv muscles^and 
in many cases individual bones act as levers decreasing or increasing the 

skeleT ■" ‘he 

Ii * * * 11 injury for delicate vital 

organs. This is specially seen in the case of the skull which protects the 

Two kinds of material occur in the skeleton, cartilage, and bone. Car- 
Wage IS what is ordinarily called gristle. It consists of a stiff jelly-like matrix 
foimed by cells which remain irregularly scattered through it and continue 
to grow and divide (Fig. 3:6). In bone the matrix is made hard by a de- 
posit of calcium carbonate and calcium phosphate; and the bone cells 
which arc contained in small cavities in the bone are arranged in concen¬ 
tric layers around the central marrow cavity or around the blood vessels 
contained in the bone (Fig. 3:6). 

Where the bones of the skeleton come together joints arc formed. The 
joints may be immovable as occurs in the skull, where the bones which 
form the cranium are firmly united; slightly movable as occurs between 
most of the vertebrae which form the vertebral column; or freely movable 
as in the case of the skeleton of the arms and legs. 

The different parts of the skeleton arc held together by ligaments. Liga¬ 
ments may have the form of strands, bands, or sheets and are composed of 
connective tissue. 


B. THE SKULL 

The shtdl consists of the cranium and the skeleton of the face which 
IS attached to it (Fig. I8;2). The cranium constitutes the largest portion 
and contains the brain. It is composed of a number of bones which are 
formed separately in the embryo but as development proceeds become 
locked together by interdigitating projections forming jagged lines of union 
called The crauial cavity in which the brain is lodged is completely 

enclosed except ])ostcriorly where the large foramni magnum provides the 
opening through which the spinal cord joins the brain, and laterally and 
ventrally where numerous small openings offer exit or entrance to cranial 
nerves or blood vessels. On either side of the foramen magnum is a smooth 
rounded structure called an occipital condyle by which the skull is articu¬ 
lated to the first vertebra of the vertebral column. Further out on cither 
side of the foramen magnum are the auditory capsules which lodge the 



232 


SUPPORT AND MOVEMENT Ch. Jc 


internal portions of the ear. These capsules are united with the cranium 
and form its ventral and lateral walls in that region. A lateral opening in 
the auditory capsule extends inward from the external ear and ends at the 
eardrum. 

The skeleton of the face includes the nasal capsule, the orbits, and the 
upper and the lower jaws. The nasal capsule is attached to the cranium 
in front and forms the skeleton of the nose. The basal portion, that is, the 
portion near the cranium, is composed of bone, but the outer portion 
which forms the point of the nose is cartilage. The nasal cavity is divided 
by a nasal septum into right and left halves, and each half contains coiled 

iurbinal bones over which 
the delicate mucous mem¬ 
brane of the nose is spread. 
On either side of the nose 
are the orbits supported by 
bony arches with which the 
cheekbones are associated. 
The orbits lodge the eyeballs 
and provide attachments for 
the muscles which move 
them. The upper jam are 
firmly united with the cra¬ 
nium. They form an arch, 

roughly horseshoe-shaped, in 
which the teeth are set. Between the branches of this arch is the hard palate. 
The hard palate forms the floor of the nasal cavity. This cavity, which as 
already stated is divided into right and left halves, extends under the cra¬ 
nium and opens into the back of the mouth. The lozuer jazvs are united m 
front so that they also form an arch. They are freely jointed to the auditory 
capsules. 

A number of different functions are performed by the skull, of which the 
chief are the following: 

(1) Protection of the brain. This is the most primitive and most im¬ 
portant function of the skull and is carried out chiefly by the cra¬ 
nium. 

(2) To provide attachment and a skeleton for the jaws, which make 
possible the seizing and mastication of food. 

(3) Protection and support for special sense organs including the nose, 
eyes, and ears. 

(4) To provide rigid walls for the upper part of the respiratory passage¬ 
way, so that air can be sucked into the lungs. 







SKULL OF MAN 

Fig. 18:2 A human skull, side view. 



Art. 7 THE SKELETON 


233 


C THE VERTEBRAL COLUMN, RIBS, AND BREASTBONE 

The vertebral column consists of a series of vcnel)rae which sliow a gen¬ 
eral similarity of structure which is inodihed in the different regions of the 
body (Fig. 18:1). A typical vertebra consists of a solid portion, oval in 
transverse section, called the centrum, which supports a neural arch (Fig. 
18:3). The centrum and neural arch surround the neural canal In the 
neural canal is lodged the spinal cord. The neural arch and centrum 
together form a structure resembling a signet ring, the centrum cor¬ 
responding to the signet, and the spinal cord occupying the position which 
would be occupied by the finger. In the vertebral column the centra of 
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Fig. 18:3 A human vertebra (thoracic). 


the vertebrae are joined together by pads of cartilage, and the neural arches 
are bound to each other by ligaments. 

There are seven cenncal vertebrae in the neck. The first of these differs 
from the other vertebrae in being without a centrum and in possessing two 
smooth surfaces for articulation with the occipital condyles of the skull. 
The movable joint which is thus formed between the first vertebra and the 
cranium permits the skull to be moved backward and forward as occurs in 
nodding the head. In the chest there are twelve thoracic vertebrae to which 
the twelve ribs arc attached. Next come five lumbar vertebrae in the lower 
part of the back. Following these are the vertebrae to which the pelvic 
gtrdle is attached. In an adult these vertebrae, of which there are normally 
five, become fused to form a single bone called the sacrum. At the very end 
of the vertebral column are one to four small nodules of bone which form 
the coccyx and represent the vertebrae of a rudimentary tail. 

The ribs are long thin bones, each curved like a boomerang and articu¬ 
lated at the back with the vertebral column. The first ten are attached in 
front either directly or indirectly by cartilages to the sides of the breastbone. 
The latter is shaped somewhat like a short thick sword and is in the front 
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of ihc chest with its point turned down. The ribs and breastbone form a 
basket-like structure in the walls of the chest. The support which this frame¬ 
work provides makes possible the expansion of the chest in breathing and 
will be referred to later when respiration is discussed. 


D. THE APPENDICULAR SKELETON 

The pectoral girdle supports the shoulders and the arms. It consists of 
the shoulder blade and the collarbone (Fig. 18:4). The shoulder blade is 
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Fig. 18:4 The human pectoral and pelvic girdles. 

embedded in the muscles of the back and is not articulated with the vertebral 
column. It is a roughly triangular bone. One angle of the triangle faces out¬ 
ward and bears a smooth oval depression into which the upper bone of 
the arm articulates. The collarbone is a long, slender, slightly curved bone. 
One end of it articulates with the outer angle of the shoulder blade and 
the other end articulates with the breastbone. The upper arm contains a 
single bone, the humerus. This is followed in the forearm by mo bones, 
the radius and ulna. The wrist contains eight small bones, the carpals, and 
the palm of the hand five elongated bones, the metacarpals, which cor- 
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/ “"e on citlicr side of the body 

( ig. I8;4). Posteriorly each hipbone is firmly joined to the sacrum. An¬ 
teriorly they are united by a cartilaginoii., joint. The two hipbones and the 
sacrum surround a canal called the opening of the pelvis. Each of the hip¬ 
bones bears on its outer surface a saucer-like depression into which the 
high bone articulates, forming a ball-and-socket joint. In standing, walk¬ 
ing and running the entire weight of the body is transmitted to the pelvic 
girdle. The thigh contains a single bone called the femur which cor¬ 
responds to the humerus in the arm, and the leg contains two bones, the 
tibia and fibula, which correspond to the radius and ulna. The heel con¬ 
tains seven bones, the larsals, which correspond to the bones in the wrist, 
and the arch of the foot contains five elongatctl bones, the metatarsals, which 
correspond to those of the palm of the hand. The big toe, like the thumb, 

contains two phalanges, while each of the other toes, like the fingers con- 
tains three. 


If the arm is held out to the side with the thumb uppermost and the 

palm directed forward and the leg is held in a similar position with the 

big toe up and the sole of the foot directed forward, it will be noticed that 

the bones in the two appendages correspond. The humerus corresponds to 

the femur, the bones of the forearm to the Ijones of the leg. the bones of the 

wrist to the bones of the ankle, the bones of the palm to the bones of the 

arch, and the bones of the thumb and fingers to the bones of the big toe 
and the other toes. 


2. THE MUSCLES 

Three different kinds of muscles are recognized: (1) voluntary muscles, 
most of which are attached to the skeleton and bring about the voluntary 
movements: (2) heart muscles, which are found only in the heart and bring 
about its rhythmical contractions: and (3) invohoitary muscles, which cause 
the movements of the various organs within the body cavity and form the 
wall of the digestive tube. We are here concerned only with the voluntary 
muscles; the other types will be discussed in connection with the organs in 
which they are found. The voluntary muscles vary in shape and size ac¬ 
cording to the work which they perform. The muscles which form the ab¬ 
dominal wall are wide, thin sheets of tissue: the muscles of the chest, 
shoulders, and hips are thick masses of tissue; while those of the arms and 
legs have in general the form of thick straps. 

An example will illustrate the structure and action of a typical muscle. 
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The biceps muscle is a prominent muscle in the arm (Fig. 18:5). When 
the forearm is moved toward the shoulder it contracts into a lump easily 
felt on the front of the upper arm. The muscle consists of a fleshy portion 
which is attached to the skeleton by tendons. The place of attachment, 
which is relatively fixed (in this case the shoulder blade), is the ori¬ 
gin of the muscle, while the place of attachment which is moved when 
the muscle contracts is the insertion of the muscle (in this case the hu¬ 
merus. The action or function of this muscle is to pull the forearm toward 


Shoulder blade 



Fig. 18:5 Two opposing muscles in the arm. When the biceps muscle is contracted 
the forearm and hand are moved toward the shoulder. When the triceps muscle con¬ 
tracts the forearm is extended into line with the upper arm. By permission from The 
Science oj Health and Disease a Textbook oj Physiology and Hygiene by Howard W. Haggard. 
Copyright 1927 by Harper & Brothers. 

the upper arm. The biceps muscle derives its name from the fact that the 
upper portion, that is, the portion nearest the shoulder, is divided into 
two parts. 

The biceps muscle is opposed in its action by another muscle, termed the 
triceps^ located in the opposite or posterior portion of the arm. This muscle 
has three places of origin. One is by a tendon on the under side of the 
shoulder blade. In the other two the muscle is attached directly to the pos¬ 
terior surface of the humerus. The insertion of the triceps is by a tendon 
on the ulna. When the triceps muscle contracts, the forearm is moved away 
from the arm and into line with it. 

Seldom, if ever, does a muscle of the body come into action alone. Mus- 



237 

togctlicr and in harmony to produce spe- 

groiip of muscles is usually opposed by an 
of 


Art. 3 THE BODY CAVITY 

cles occur in groups wJiich act 
cific movements. Each muscle or 
antagonistic muscle or group 
muscles which takes up the slack and 
gives precision and steadiness to the 
movement, as exemplified in the 
biceps and triceps muscles. 

A voluntary muscle, such as one 
of those already described, is com¬ 
posed of many bundles of miiscTc 
fibers, bound togetlier by connective 
tissue (Fig. 18:0). The muscle fibers 
in voluntary muscles are striated. A 
striated muscle fiber is described in 
Chapter 3, pp. 37-38. 

Muscle cells contract in response 
to a stimulus received through a 
nerve fiber. To each muscle fiber goes 
a fine nerve fiber. When a muscle 
contracts, usually not all of the 
muscle fibers in it contract. The force 
exerted by the muscle depends on the 
number of fibers contracting. 

To do work, muscles must be sup¬ 
plied with energy. This the muscle 
obtains by oxidizing the sugar glu- 
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Fig. 18:6 .A portion of a cross section of 
a human muscle. By permission after A 
Textbook oj Histology by John L. Bremer. 

Copyright 1930 by P. Blakiston’s Son & 
Co., Inc. 

brought to it in the blood vessels 


cose. This sugar and also the oxygen arc 
with which most muscles arc plentifully supplied 


3. THE BODY CAVITY 

The body cavity is almost completely filled by the internal organs, which 
float in a small amount of clear fluid called the coelotnic fluid. This fluid 
permits the movement of the internal organs within the body cavity. As a 
result of the contractions of the involuntary muscles which they contain 

tfie separate organs in the body cavity arc slowly but almost continuously 
changing their shape and position (Fig. 18:7). 

The portion of the body cavity in the thorax, called the thoracic cauity, 
IS divided from the portion in the abdomen by a transverse muscular parti¬ 
tion called the diaphragm. The thoracic cavity is further divided into a 
median cavity, the pericardial cavity, which contains the heart, and a pair 
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of lateral cavities, the pleural cavities, which contain the lungs. The dia¬ 
phragm usually acts as an involuntary muscle, as in breathing, but it is 

also under the control of the will as 



when the voice is used. It has the form 
of a ncarlv circular sheet of tissue at- 
(ached at its periphery to the body 
wall. The muscle libers extend radially 
from the periphery toward the center, 
which is composed of connective tissue. 
The esophagus and many important 
blood vessels and nerves pass through 
the central portion of the diaphragm. 

The ahdofniual cavity contains most 
of the digestive tube, the liver, pan¬ 
creas, kidneys, and reproductive or¬ 
gans. Its lower portion is sometimes 


distinguished as the pelvic cavity, but 
the latter is not really a separate cavity. In addition in the male there arc 
two cavities which contain the testes and which will be referred to later 
in the chapter on reproduction. 
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Fig. 18:8 Diagram of a side view of the human body in section showing the abdominal 
cavity, peritoneum (heavy line), and mesenteries. By permission from Textbook qj Ana^ 
omy and Physiology by Diana Clifford Kimber, Carolyn E. Gray, and Caroline E. Siac 
pole. Ninth Edition. Copyright 1^34 by The Macmillan Company. 



Art. 3 THE BODY CAVITY 

239 

The body cavity, or coc/om, is everywhere lined by a moist membrane 
he peritoneum, which secretes coclomic fluid. The internal organs are at- 

blood'tsLs 


CHAPTER 19 

Foody Digesfioriy and Metabolism 


1. FOOD SUBSTANCES 

It will be well before describing the process of digestion to consider the 
composition of the materials to be digested; in other words, the food ma¬ 
terials. The food of man consists of the bodies of plants and other animals, 
that is, of protoplasm, for it is mostly the protoplasmic part of the animal 
or plant rather than the cell products, such as the cell walls of plants or 
the cartilage and bones of animals, which is utilized. Cooking has chiefly 
the effect of destroying the cell walls of plants and the connective tissue 

of animal flesh and thus making the protoplasm more accessible to the 
digestive juices. 

The chemical composition of protoplasm has already been considered 
at some length in Chapter 4. There we found among the inorganic con¬ 
stituents water and various inorganic salts, and among the organic sub¬ 
stances carbohydrates, fats, and proteins. Water and a number of inorganic 
salts are essential constituents of a diet. The inorganic salts do not need 
to be digested; being soluble they can be absorbed directly. All foods con¬ 
tain some or all of the different kinds ot inorganic and organic materials 
which are required by the body to provide energy or to build tissues, 
but in different proportions. .An idea of the composition of some common 
foods can be obtained from Table 19:1. 


TABLE 19:1. COMPOSITION OF SOME COMMON FOODS 


IN 100 PARTS 




mr.F-'n-iBi.E 

INORCAMC 

WATFR 

PROTEIN 

FAT 

CARIK>HYDRATF.S 

MATERIAL 

Meat 

7fi.7 

20.8 

1.5 

0.3 

1.3 

EgJT' 

73.7 

12.6 

12.1 


1.1 

Cow’s milk 

87.7 

3.1 

3.2 

4.8 

0.7 

Wheat bread 

Sa.O 

7.1 

0.2 

55.5 

l.I 

Potatoes 

7’>.5 

2.0 

0.2 

20.6 

1.0 

Fruit 

81.0 

0.5 


10.0 

0.5 


240 



Ari. 2 ACCESSORY FOOD SUBSTANCES 241 

of energ), Irotc.ns are essential to repair broken-down tissue and to build 

new tissue but they may also be used as sources of energv, A person can 

exist entirely on a n.eat diet, as does the Eskimo, because it contains all the 

essentia materials, but he will starve to death on a diet containing only 
fats and carbohydrates. ^ ^ 

Only in a few cases arc organic food materials absorbed through the 
intestinal wall in their original form. Carbohvdrates must be champed to 
simple sugars if not already sttch; fats must be changed to fatly acids and 
g yccrin; and proteins must be broken up into amino acids. It thus comes 
about that only a lew different organic substances arc actually used. How 
I lese arc obtained is largely a matter of convenience, taste, and the ability 
of the digestive en/ymes to break up the materials in which they occur. 
Each cell of the body forms its own kinds of jirotcins and each protein 
has a different amino acid content. There arc no special brain foods, muscle 

foods, etc., although each of these organs may retjuire different iiroporlions 
of tlic basic food substances. 


2. ACCESSORY FOOD SUBSTANCES 

Although carbohydrates, fats, and proteins provide the energy and most 
of the building materials needed by ilie Iiody, they alone arc not sufiicient 
to maintain the body in normal health. Certain other substances arc re- 
(]nired, although in relatively small amounts. These are called accessory 
food substances and include a number of substances usually referred to as 
niinerals and vitamins. 


A. MINERALS REQUIRED BY THE BODY 


The minernh required by the body are usually obtained either witli the 
food materials in the diet or dissolved in the tlrinking water. 7'hc need of 
the body for any chemical element and the effect of deficienev in this ele- 
tnent can be determined experimentally by feetling animals diets deficient 


or entirely lacking in the element in (|ucstion. From such experiments the 
data given in the table have been accumulated ( Fable l‘):2. p. 212). 


B. VITAMINS 

A vitamin is an organic compound which is rcqtiired for the normal 
growth and health of an animal, but only in very small amounts. Vitamins 
do not furnish the energy for chemical reactions nor do they furnish build- 
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TABLE 19:2. MINERALS REQUIRED IN A DIET^ 


El.FMF.NT 

Calcium 

Phosphorus 

Magnesium 

Potassium 

Chlorine 

Sodium 

Iodine 

Iron 

Sulphur 


FOR WHAT RFqi lRFD 

Bones, teeth, hlood, nerves, muscles, 
ion balance, heart, milk produc¬ 
tion. 

Bones, teeth, muscles, blood, mc- 
taholism of carl)ohvdiatcs anti fats, 
atiivaiion of enzymes. 

Bones. nei\es. muscles, heart, ion 

balance, enzvmes. 

* 

Normal growth, muscle Function, 
ion balance, osmotic pressure. 

Regulation of osmotic pressure, ac¬ 
tivation of enzMnes and tnistric 

O 

juice. 

Regulation of osmotic pressure, ion 
balance. 

Thyroxine fsecretion of ihvrohl 
gland), regulation of basal metabo* 
lism. 

Hemoglobin. 

Body j>rotcins. 


EFFECT OF DEFICIENCY 

Poor development of bones, rickets, 
dental deficiency, excessive bleeding, 
excessive nci\ous irritability. 

Poor development of bones and 
teeth, rickets, retarded growth. 

Retarded growth, nervousness, rapid 
or irregular heart beat. 

Nerve disorders, irregular heart beat, 
poor muscular control. 

Loss of body weight, loss of water, 
digestive disturbances. 

Loss of body weight, nerve dis¬ 
orders. 

I.OW basal metaboHstn, nervous dis- 
turliances, overweight. 

Decreased hemoglobin. 

Retarded growth. 


1 Silicon and fluorine have recently been shown to be rctiuircd. 


ing material for the cell. With the exception of vitamin D and then only 
as regards the linal stages, animals are in general unable to synthesize vita¬ 
mins in their own bodies and arc dependent upon plants for them. A 
vitamin is identified by the effect which its absence from the diet produces. 
Since vitamins are effective in exceedingly small quantities—for some of 
them the daily dose for a healthy adult is measured in fractions of a milli* 
gram—their extraction in pure form has been attended with considerable 
difficulty. Later studies have frequently shown that what was considered 
to be a single substance is in reality two or more separate vitamins. The 
better known vitamins are listed in Table 19:3, which also gives their oc¬ 
currence and the effect of their absence or deficiency in the diet. 


TABLE 19:3. VITAMINS 


NAME AND CIIF.MICAL 
FORMULA 


RF.SULTS OF DEFICIENCY 


Vitamin A 
Antikeratiuizing 
Antiophthalinic 
Fat soluble 




Susceptibility to infections of the epi¬ 
thelial tissues of eyes, respiratory sys¬ 
tem, alimentary canal, digestive glands, 
kidneys; night blindness. 


SOURCES 


Cod and halibut liver oils, 
vegetables, butter, eggs. 
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NAMi: AND CHEMICAL 
FORMULA 

Viiainin Bj 

AtitincMiritic 

Thiamin 

C„H,p\,SCl HCI 
(Now manufaciinod 
synthetically.) 


RESULTS OF DEFICIENCY 

Beriheri (nervous disease) with loss of 
appetite, loss of weight and vigor, sub¬ 
normal temperature. 


SOURCES 


Yeast, cereals, vegetables, 
fruits, cheese, kidney, liver, 
milk. 


Vitamin R„ 
' iiamin G 
Riboflavin 




Seal) greasy skin, dark inflammation of 
the tongue, itching aiul burning of eyes. 


Liver, egg white, leafy 
vegetables, yeast, fruits, 
milk. 


Vitamin B., 
I’yridoxin 

(Now manufactured 

synthetiaill).) 


Dcrmatiiis in rats and chicks. F.ITects 
in humans are little known but the 
Nitciniih is usstiiDcd u> l)c iicccssury. 


Yeast, rice polishings, 
wheat, maize, especially 
the embryos. Liver of 
mammals. 


Nicotinic acid 
Niacin 

(Now manufactured 
syntheticall).) 


Pellagra characterized by lesions of the 
mmous inembrancs. c.g., moiiih. nose; 
distnrbajices of gtisirointcsiinal tract; 
mental di.sortlers. 


Liver, adrenal gland, 
ycasi, uheai. 


Pantothenic acitl 

(Now manufaciurcd 
syntheiically.) 


Causes symptoms similar to pellagra in 
thitks. Human died unknown, neces- 
sit) not pioven. 


Liver, kidney, rice, bran, 
molasses. 


Vitamin C 
Amistorbuiic 
Ascorbic at id 
Cevitamic acid 

(Now inanufacHned 

symhctitall).) 


Scurvv (disease which affects mucous Orange and lemon juice, 
membranes, joints, and bones), decay vegetables, fruits, 
of teeth, loss of weight, fatigue. 


Vitamin D 
(calciferol I 




Rickets, a bone disease of children in Cod-liver oil. butter, food 
which bones become soft and muscles iiradiated with ultra- 
weak owing to low content of calcium \iole( light, 
and phosphoius; <lefecls of teeth. 


3. DIGESTION 

A. A GENERAL ACCOUNT OF THE PROCESS OF DIGESTION 

The function of the digestive system is to prepare tlie food materials for 
absorption by the cells of the walls of the alimentary tract. As must have 
Ijccoinc clear from the discussion of the plasma membrane, the number 
of organic substances which can pass through this membrane is relatively 
pall and confined to a few types. It is therefore necessary that organic 
food materials should be transformed in order to be absorbed. In the 
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vertebrate clifTerent parts of the alimentary tract have become specialized 
to perform different parts of the transformation. After its capture and 
while still in the mouth cavity, the food material may be submitted to the 
first steps in the digestive process. Not all vertebrates chew their food, in¬ 
deed the majority do not. In mammals the food is not only masticated 
in the mouth but it also is submitted there to the action of enzymes, secreted 
by the salivary glands, which attack the carbohydrates. After passing through 
the esophagus the food is churned in the stomach and acted on by enzymes, 
produced by the wall of the stomach, which affect chiefly proteins. The 
food is retained in the stomach by the pyloric valve until it reaches a 
creamy consistency after which it passes into the small intestine, ft is here, 
in the small intestine, that the most important digestive changes occur as a 
result of the action of enzymes from the pancreas and from glands in the 
intestinal wall. These enzymes, acting on the proteins, fats, and carbo- 
hsdrates, reduce them to simpler organic substances which arc absorbed 
there. The function of the large intestine, into which the remaining 
material passes, seems to be chiefly the absorption of water. Before passing 
to a more detailed study of digestion it is desirable to go over the anatomy 
of the organs involved. 


B. THE MOUTH CAVITY 

The mouth which is bounded by the lips opens into the mouth cavity. 
The mouth cavity is lined with a jnucous membrane. Its roof is formed 
by the palate. This consists of the hard palate, already mentioned in dis¬ 
cussing the skull, and the soft palate, which continues the hard palate back¬ 
ward and is composed of soft tissue. The floor of the mouth is formed of 
soft tissue stretched between the lower jaws. Extending into the mouth 
from its floor is the tongue which fills a large proportion of the mouth cavity 
when the mouth is closed (Fig. 19:1). Posteriorly the mouth cavity is con¬ 
tinuous with the pharynx, which lies behind the tongue and is continued 
into the esophagus. Below the tongue in the anterior wall of the pharynx 
is the glottis, which is the opening into the larymx or voice box. The glot¬ 
tis is closed during swallowing by a lidlike structure, the epiglottis, attached 
anteriorly at the root of the tongue. The epiglottis prevents food materials 
from going into the windpipe. 

The margins of the upper and lower jaws project into the cavity of the 
mouth and are covered with a rather firm tissue forming the gums. The 
teeth are fastened into sockets in the jaws. The normal number of per¬ 
manent teeth in man is thirty-two, sixteen in each jaw. In front are the eight 
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these glands open into the mouth. The cells of the salivary glands take cer¬ 
tain substances out ot the blood and from them manufacture, in their proto¬ 
plasm, the secretions which pass out into the ducts. 

In man the esophagus is a long, almost straight, tube extending through 
the neck and thorax to the abdomen, which it enters by piercing the dia¬ 



phragm. During its course through the neck and thorax it runs just in front 
of and paiallel to the vertebral column. Normally, when food is not being 
swallowed, the esophagus is collapsed and lies, like a flat tire, between the 
vertebral column behind and the windpipe in front. The stomach is a iatg^ 
pear-shaped sat which lies just under the diaphragm on the left side of the 
abdominal ca\ity. Its shape and position vary according to the amount of 
food which it contains. Although often somewhat larger in people with a 
• potbelly,” it is usually only partly responsible for the front extension which 
is more often due to the deposition of fat under the skin and in the mes- 
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cntones ll.c esophagus opens into the stomach on one side, the sitle 

nearest the center of tlte body. Ihe passage of ntaterials out of tlte lower 

end of the stomach is co.itrolled by tlte py/orU valve, which is a ntusctilttr 
constriction of its wall. 

The remainder of the alimentary tract is formed by the intrstinr. It is 
iMded into the small iiucstine and the large intestine. The small iulrstwe 
IS the part immediately following the pyloric valve. It is a long, thin, much- 
coded ttdie which may reach a length of twenty feet. Into the beginning of 
the small intestine open the hilc dan from the liver and the paacreatir dun 
fi-om the pancreas. The lower end of the small intestine opens into the side 
of the large intestine so that there is a blind portion of the latter about 
two and one-half inches in length. In some herbivorous mammals this 
blind portion reaches an enormous development, exceeding in volume, 
when Idled, the whole of the rest of the digestive tube. It is (]uitc large in 
the rabbit. Attachetl to it in man is the notorious wormlike vermiform ap¬ 
pendix, which IS located on ilie right side in the lower part of the ali- 
dominal cavity. Infection of the vermiform appendix gives rise to appen¬ 
dicitis. 1 lie opening ol the small intestine into the lar^e ialrsline is guarded 
by a valve which prevents material from passing back into the small intes- 
iinc. The portion of the large intestine which follows tliis valve is called the 
colon. The colon is a large, relatively thin-walled tube, ranging in tiiametei 
from about two aiul one-ltalf inches where it begins to roughly one and one- 
half inches where it ends. Its length is about five feet. Three ribbon-like 
longitudinal bands run the length of the colon and seem to take tucks in it, 

that the tuiie iisell is saccidated. I he colon makes an almost complete 
circle in the abdominal cavity, extending upward on the right side, across 
the body in Iront of the stomach just below the liver, and down the left 
side into the pelvic cavity. In its course it makes several sharp turns. In 
the pelvic cavity the colon passes into the rectum. The rectum is a relati\ely 
but not actually straight tube about six inches in length leatiing from the 
colon to open on tlie surface of the bo<Iy at the anus, riie anal aperture is 
guarded by a muscle which is attached anteriorly and posteriorly. The con¬ 
traction of this muscle, which is under control of the will, contracts the 
aperture into a narrow slit. 

The liver lies just under the diaphragm, mainly on the right side. It is 
a large compact mass, weighing about three pounds. Its secretion, called bile 
or gall, is passed into the gri// bladder, which is a green sac shaped like 
a much-elongated pear. Where the stalk of the pear would be, the gall 
blatlder becomes (ontimious with the bile duct, which carries the bile to the 
upper part of the small intestine, bile may pass direttly Irom diuis in the 
liver to the bile duct without pa.ssing throtigh the gall bladder. 
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The pancreas is an elongated irregular gland which lies against the pos¬ 
terior abdominal wall near the beginning of the small intestine. Its duct 
opens by the same opening as the bile duct. The pancreas is much smaller 
than the liver, weighing usually about three ounces. It has no bladder. The 
secretion of the pancreas is formed and passed directly into the small in¬ 
testine in response to the presence of food. 

D. THE PASSAGE OF FOOD MATERIALS THROUGH THE DIGES¬ 
TIVE TRACT 


In the act of swallowing, the food is collected together in a mass on the 
upper surface of the tongue and pressed backward into the pharynx, the 
walls of which relax and then contract, forcing it into the esophagus. Dur- 
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Fig. 19:3 Diagrams showing the progress of a barium “meal” through the digestive 
tract as indicated by X-ray photographs taken at intervals. Barium is opaque to X rays 
and appears black in the X-ray shadow photographs. After a meal the upper or cardiac 
portion of the stomach usually contains some gas as indicated here by the clear area. 

ing the passage of food into the esophagus the epiglottis is folded down 
closing the glottis, and the soft palate is moved upward closing the internal 
nares. The passage of the food down the esophagus to the stomach is in¬ 
voluntary and due to peristalsis. Peristalsis may occur anywhere along the 
length of the digestive tube. In peristalsis the circular muscle fibers of a 
short section of the tube, which are ordinarily in a state of partial contrac¬ 
tion, relax, forming a ringlike bulge into which the food materials pass. 
The relaxation lasts only for a short time and is followed by a contraction 
abo\e the bulge. As this contraction develops, the bulge moves downward 
and the food materials follow it. Thus rings of contraction pass down the 
tube, preceded by rings of relaxation, and the contents are gradually moved 
along. 

The passage of materials through the digestive tract can be obsersed when 
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the subject is given a ••n.eal” containing a barium salt and X-ray pictures 
are taken at tntervals (Fig. 19:3), Barium, being one of the beavkr ele- 
ments. ts relatively opaque to X-rays and casts a black shadow. Food after 

19 3A) There it may remain for three or more hours. .\t the end of am 
other three or more hours most of the meal is in the latter part of the small 
intestine (Fig. 19:3B). Twenty-four hours after a meal is swallowed the 
undigested portion is practically all in the large intestine and a consider- 
able part of it may be ready for evacuation through the rectum (Fig. 19; 3D). 


E. THE PROCESS OF DIGESTION 

In man and most mammals important steps in the process of digestion 
Uke place in the mouth. The teeth cut and grind the solid materials, mix¬ 
ing them with the saliva into a more or less pasty mass. Besides large quan¬ 
tities of water, mucus which acts as a lubricant, and certain salts which 
render its reaction alkaline, the saliva contains two en/ymes which act to 
change the large molecules of starch into the smaller molecules of simple 
sugars. This latter process, for which the chemical term is hydrolysis, in¬ 
volves successive additions of water molecules to the starch molecules. Hy¬ 
drolysis is characteristic of the digestion of many kinds of food substances. 
The enzymes of the saliva are active only in an alkaline medium. 

After a meal the food collects in the stomach. The gastric juice which 
IS secreted by cells in the lining of the stomach contains, in addition to 
certain enzymes, about 0.5 per cent hydrochloric acid. The presence of this 
acid in the stomach tends to stop the action of the saliva. However, as the 
food is swallowed, it becomes arranged so that the part eaten last occupies 
the central portion of the mass of food in the stomach. As the gastric juice 
acts upon the peripheral portion of the mass hrst and penetrates only 
gradually, the .salivary enzymes are able to continue ihcir activity for some 
time after the food enters the stomach. The gastric glands are stimulated 
to secrete the gastric juice by nerve impulses which have their origin in 
the brain and result from the sensations produced by eating and by chem¬ 
ical substances in the food. The gastric juice contains two enzymes. One 
of these digests proteins to peptones in an acid medium. Peptones are stages 
in the hydrolysis of proteins. They require further digestion in the small 
intestine before they can be absorbed. The other enzyme acts on the solu¬ 
ble protein of milk and makes it clot to form a curd, as in "curds and 
whey.” The material in the curd must be further digested before it can be 
absorbed. As the process of digestion proceeds in the stomach the food 
mass becomes converted into a liquid, but there is little or no absorption; 
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the liquid is passed gradually tlirougii the pyloric valve into the small 
intestine. 

In the small intestine the partially digested food is submitted to the ac¬ 
tion of the bile and the pancreatic juice. The pancreatic juice has an alka¬ 
line reaction and contains three powerful sets of enzymes. One of these 
produces hydrolysis of proteins and reduces them to their constituent amino 
acids. .Another produces tlie first stages in the hydrolysis of starch to simple 
sugars. The third with the aid of the bile produces the hydrolysis of fats 
to fatty acids and glycerin. The bile is secreted continuously by the liver 
and stored in the gall bladder. It is a thick, greenish, alkaline fluid, con¬ 
taining water, inorganic salts, and a number of organic substances, includ¬ 
ing bile salts and waste pigments which result from the aljsorption of 
broken-down red blood corpuscles by the liver, but no enzymes. Its di¬ 
gestive action, which is due to the bile salts, seems to be to break fats up 
into exceedingly fine droplets, and to activate the fat-digesting enzyme of 
the pancreas. 

An important digestive juice is secreted by cells in the wall of the small 
intestine. It contains an enzyme which hydrolyzes peptones to amino acids 
and enzymes which act to reduce carbohydrates to simple sugars. 

The walls of the large intestine secrete mucus but no enzymes. What 
digestion occurs in the large intestine is due to the continued activity of 
the enzymes which pass into it from the small intestine. The large intestine 
always contains large numbers of bacteria which cause the fermentation of 
food materials which may have, until then, escaped digestion. The ma¬ 
terial passed out in the feces consists of undigested parts of the food, bile, 
enzymes, and large numbers of bacteria and the products of their activity. 

While the materials taken in the diet may vary, the end products of di¬ 
gestion are practically always the same substances, although in varied 
amounts. AH carbohydrates are reduced to simple sugars. All fats are re¬ 
duced to glycerin and fatty acids, there being but three common fatty acids. 
To be absorbed proteins must be split into their constituent amino acids, 
there being about twenty common amino acids. The materials absorbed 
through the walls of the alimentary tube consist, therefore, largely of water, 
inorganic salts, simple sugars, glvcerin, fatty acids, amino acids, and v'ita- 
mins. 

Absorption takes place mainly in the small intestine, the absorbing sur¬ 
face of which is greatly increased by the presence of numerous microscopic 
finger-like projections called villi (Fig. 19:4). Each of these is covered with 
a layer of epithelial cells and contains a network of capillaries surround¬ 
ing a central lymphatic vessel. .Simple sugars and amino acids pass through 
the epithelial cells and into the capillaries to be carried in the blood stream- 
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epul.clia cells and pass i.uo ly.npinuic vessels; with the ly.nph the fats 
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IJitatl IS alniosi entirely starch, a 
carbohydrate. Ihc iats are repre¬ 
sented by the bmier and iIr- fat in 
the Iiam. 1 he ham meat is composed 
chicHy of proteins, aitlioiigli it con¬ 
tains other food materials (Sec 
Table I9;l). If ibc saiuluidi lias 
heen properly masticated, the con- 
.stituents ivill liave lieen mashed up 
and mixed with the saliva, and di¬ 
gestion of the starch and other car¬ 
bohydrates will Iia\c commenced. 

When the mass arrives in tiu' stom¬ 
ach, carbohydrate digestion will con¬ 
tinue for a time and protein diges¬ 
tion will begin. After some liours in 
tile stomach the material, now in 
the form of a creamy liquiti, passes 
into the small intestine. Here the 
tiigestion of the carbohydrates, fats, 
and jjroteins is carried to completion 
as a rcsidt of en/ymes formed in the 
pancreas and the intestinal wall. 

Here also absorption of the simple 
sugars, fatty acids, glycerin, and 
amino acids formed in the process of 
tiigestion occurs. After several more 
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Fig. 19:4 Diagram of a section of a villus 
Highly magnified. The lymphatic vessels 
are shown in solid black. After Biologv ami 
Human Welfare by James Edward Peabody 
and Arthur Ellsworth Hunt. New Edition 
1937. Copyrighted 1933 by The Macmillan 
Company. By permission from Animal Bi¬ 
ology by Lorande Loss Woodruff. Second 

Edition. Copyright 1938 by The Nfacmillan 
Company. 


liours the undigcstctl materials arc passed into the large intestine, where 
much of the water is ahsorhed. What remains is tlicn expelled as the feces, 
n the case of titc glass of milk, digestion hegins immediately in tlic stomach, 
here, as a result of tl.e action of the gastric juice, tl,e niilk is coagulated 
and digestion of the milk proteins begins. In the small intestine the digestion 
o the proteins is completed and the fats, chiclly butter fats, and the carbo- 
tydrates, chiefly milk sugar, are digested. Absorption occurs in the small 
nitestine as in tiie case of tlic constituents of the sandwicli. 
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4. THE DISTRIBUTION OF NUTRIENT MATERIALS IN THE BODY 

In tlie blood stream the absorbed substances are distributed to the dif¬ 
ferent parts of the I)ody. The veins wliich carry the blood from the intestine 
go first to the liver. 1 here much of the sugar is taken out of the blood and 
stored as or animal starch, for the liver is the great storehouse of 

carboh)drates in the body. Some of the sugar, however, passes on to be 
taken up by tlie muscles, or to other parts of the body, where it may also 
be stored as glycogen. The fats are stored in different parts of the body in 
the cells of adipose tissue or what is commonly called "fat." The amino 
acids become generally distributed in the body and are used to build new 
protoplasm. 


5. METABOLISM 

The term metabolism is applied in a general sense to all the chemical and 
energy changes which occur in the body. In a more restricted sense it is 
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Fig. 19:5 Diagram showing carbohydrate metabolism. Active tissue is indicated by 
striated muscle, but glandular, nervous, or any growing tissue would serve equally weU. 


applied to particular substances, especially food substances, and refers to 
all the chemical and physical changes which these substances or their prod¬ 
ucts undergo while in the body. 
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Carbohydrates such as starch and the more complex sugars umst be split 

ntestine. The simple sugars are absorbed directly into the capillaries of 
he intestine A jecal series of veins, comprising the hepatic portal systen,. 
cames the blood from the capillaries of the intestine to capillaries in the 
'er ( ig, 19:5). In the liver the sugar passes from the blootl into the 
|ver cells and is there transformed into glycogen. The glvcogen is stored 
n the liver and changed back into sugar when it is needed to maintain the 
normal sugar content of the blood. Glycogen is also formed and stored in 
this way in the muscles. In other tissues sugar may be taken from the blood 
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F>g. 19:6 Diagram showing fat metabolism. Glycerol is another name for glycerine. 

and synthesized into fats to be stored for future use in that form. The oxida¬ 
tion of sugar in the cells of the body is one of the main sources of energy 
for vital activities. When oxidized in the tissues sugar forms carbon dioxide 
and water. The carbon dioxide is eliminated chiefly through the lungs, 

while water is passed out of the body in tlie form of urine, perspiration, 
and the moisture in the breath. 

Carbohydrate metabolism is closely linked to muscular activity, although 
carbohydrates do not take part in the actual mechanism of contraction. 

The transformation of glycogen in the muscles and the liver and the con¬ 
sequent release of chemical energy is controlled by a hormone called iasalin, 
secreted by certain cells in the pancreas and carried in the blood. The pan¬ 
creas thus has two functions, the secretion of the pancreatic juice ivbich 
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passes into the intestine by the pancreatic duct, and the secretion of the 
hormone insulin which passes into the blood. 

Fats, after digestion into fatty acids and glycerin, are absorbed by the 
epithelial cells of the intestine and are there synthesized into fats which pass 
into the lymphatics (Fig. 19:0). The digestion and resynthesis are necessary 
because the plasma membrane is impermeable to most fats as such and be¬ 
cause each animal requires its own kind of fat. From the lymphatic system 
the fats pass into the blood stream. In the fatty tissues the fats pass out of 
the blood stream into fat cells, where they form globules of fat. When 
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Fig. 19:7 Diagram showing protein metabolism. In deaminization the amino group 
is separated from the amino acid. 


needed to provide energy, the fats are first hydrolyzed into glycerin and fatty 

acids. The fatty acids are then oxidized, forming carbon dioxide and water, 

which are eliminated in the same way as the waste products of carbohydrate 

metabolism. T he energy is obtained chiefly from the oxidation of the fatty 
acids. 

Proteins are absorbed as amino acids (Fig. 19:7). The amino acids serve 
two functions in the body. In the first of these they may be recombined to 
form proteins to replace proteins which have been broken down or to pro¬ 
vide proteins required for the growth of cells. It seems a very roundabout 
method for the body to have to digest proteins into amino acids and then 
for the latter to be recombined again into proteins in the body. The ex¬ 
planation is to be found in the nature of the plasma membrane and the 







Art. 5 METABOLISM 

255 

protop asm of the cell. The plasma membrane is impermeable to nearly all 
proteins. When thscussing the chemical composition of protoplasm it was 
stated that each species of organism has its own specific proteins different 
from those of other organisms and that these proteins are formed by dif¬ 
ferent combinations of some twenty different kinds of amino acids Thus 
one animal cannot use directly the proteins of another animal or plant, 
but nuist first break them down into their amino acids and then select from 
these the kind and quantities required to build its own proteins. 

The second function of amino acids is to yield energy. This energy is 
made available when the amino acids arc decomposed and oxidi,ied. One 
end product of amino acid decomposition in the body takes the form of 

urea. Urea is formed in the liver and is excreted by the kidneys and the 
sweat glands. 



CHAPTER 20 


Respiration and Excretion 


1. RESPIRATION 

In vertebrates tlie respiratory process occurs in several steps. First is 
breathing, which consists merely of changing the air in contact with the 
respiratory surface wliich in an air-breathing vertebrate is the lining of the 
lungs. Next there is external respiration, in which oxvgcn is passed into, 
and carbon dioxide out of, the blood. This is followed by the transport in 
the I)lood of these substances to and from the tissues. In the tissues occurs 
internal respiration in which oxygen passes from the blood to the tissues 
and carbon dioxide from the tissues to the blood. Lastly there are the. 
oxtdatioris which occur within the tissue cells which represent the essential 
part of the respiratory process. 

A. THE RESPIRATORY SYSTEM 

In breathing, the air may enter either through the nostrils, nasal breath’ 
mg. or tlirough the mouth opening, motith breathing. In nasal breathing 
the air passes into the Jiasal cavities. From the nasal cavities it passes into 
the pharynx (Fig. 19;I). From the pharynx it passes through the glottis 
into the larynx, crossing as it does so the passageway of the food from the 
mouth to the esophagus. The larynx in man projects in the front of the 
neck as the Adam’s apple and is easily felt as a rounded structure in the 
front of the neck. The vocal cords are folds of the lining of the larynx 
rather than cords in the usual sense of the word. The true vocal cords are 
below the false vocal cords. If the finger and thumb are placed on the larynx 
and a vowel, such as the letter "a,” be pronounced, the vibration of the 
true vocal cords can be felt. 

The lower part of the larynx leads into a long cylindrical tube, the 
trachea, which passes down through the neck in front of the esophagus and 
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into the chest At about the middle of the chest the trachea divides into two 

th T ' bronc/u, leading to the right and left lungs In 

he ungs the bronchi divide up into smaller tubes called 6ro,m/uo/« T1" 

trachea, the bronchi, and larger bronchioles are renderetl noncol apslle 

by rmgs of carulage (Fig. 20:1). Each bronchiole ends in a structure whict 

looks not unlike a bunch of grapes. The round grapelike projections are 

minute air sacs cabed alveoli, which comnmnicate with the c.ilarged entl 

epuhehal cells and surrounded by a network of capillaries. It is through 
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Wew^i?f/t human respiratory system. A, larynx, trachea, and lungs In ventral 
hi j opened. B, a portion of a bronchiole, with cartilages and adjacent small 

blood vessels. C, alveoli and capillaries. By permission from cLai Trac 

i- btorer. First Edition. Copyright 1943 by the McGraw-Hill Book Company, Inc. 


the walls of the alveoli that the oxygen passes into, and the carbon dioxide 
out of, the blood. The alveoli, bronchioles, and bronchi of each lung are 
bound together into a compact but spongy and very elastic mass by con¬ 
nective tissue, which is covered by a membrane called the pleura. The pleura 
also lines the pleural cavity in which the lung lies. 

There are two methods of increasing and decreasing the si/e of the pleural 
cavities and thereby drawing air into and forcing air out of the lungs (Fig. 
20:2). In one of these the miisclcs of the diaphragm arc contracted flatten¬ 
ing out this dome-shaped sheet of tissue and lowering the Hoor of the thorax. 
Smee the rest of the thorax docs not decrease in si/e, the volume occupied 
y the lungs is increased and air rushes into them. By a subsequent relax- 
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ation of its muscles and contraction of the abdominal muscles, the dia¬ 
phragm reassumes its dome shape and air is forced out of the lungs. 

In the other form of breathing, the ribs and the breastbone are raised 
by the contraction of muscles in the chest and neck. Since the ribs slant 
from tlie vertebral column downward and to the side, raising them increases 
both the width and thickness of the chest, and hence the volume occupied 
by the lungs. Air is thcrclore drawn into the lungs. \Vhen the chest and 
neck muscles referred to above are relaxed the ribs are lowered and the 
chest is contracted. In this way air is forced out of the lungs. In normal 
breathing both methods aie employed. 



Inspiration; lung volume 
increased, ribs raised, 
diaphragm lowered. 



Expiration; lung volume 
reduced, ribs lowered, 
diaphragm raised. 


Fig. 20:2 Respiratory movements in labored breathing in man. 


Although we are not ordinarily conscious of the movements we make in 
breathing, the muscles are voluntary muscles under the control of the cen¬ 
tral nervous system, as is shown by the fact that a person can hold his 
breath. The rhythm of breathing is controlled by the brain, which in turn 
is stimulated by the carbon dioxide in the blood. This is why in cases of 
asphyxiation a mixture of carbon dioxide and oxygen and not pure oxygen 
is administered. 

The atmosphere contains about 21 per cent oxygen and about 0.03 
per cent carbon dioxide. The air expelled from the lungs contains approxi¬ 
mately 16 per cent oxygen and 4 per cent carb6n dioxide. However, people 
can live without great discomfort where the oxygen is equivalent to only 
about 12 or 13 per cent and the carbon dioxide per cent reaches I per cent. 
Ventilation under ordinary circumstances is not so much a question of 
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perature of his environment. The normal temperature of the human boclv 
approximately 98.0= Fahrenheit or ahotit .S7= centigrade. Mo" client 
al leactions go on more rapidly the higher the tempenitnre, and ihis is 
of most of the chemical reactions which go on within the liody md 
constitute metabolism. Thus the metabolism of warm-blooded animals like 

cold-bloodcti animals; and warm-blooded animals are more active 

o maintain the body temperature of an organism above that of its 
urroundings requires energy. Thus the energy which enters ihe body of 

Iates"‘rut rand assimi- 

carry on T, "^"’P-ature and to 
arnmini “ cold-blooded animal, like the frog, the 

mount of energy which goes to maintain body temperature is small while 

n a warm-blooded animal, like a man, the amount is relatively larg^ T^e 

human body, or that of any animal for that matter, may be looked ttnon 

as a machine which does a certain amount of work as a result of being smp- 

pro ems. 1 he energy to do the work comes from the oxidation, or burning 
Of these materials in the body. ‘turning. 

whl'r "T"".' substances yields 

len oxidized or burned can be determined and measured. The energy i, 

measured m the form of heat in units called calories. The caloric uscd^n 

f heat required to raise one kilogram of water, about one quart, from 

gram n 8^^'" carbohydrate yields 4.1 calories, one 

fscal ^‘■"oum, and one gram of fat 

• calories. The average man requires a diet which will yield about three 
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thousand calories per day. About one-half of this energ)' or a little more 
than fifteen hundred calories per day is required to maintain the body 
temperature and such vital activities as breathing and the circulation of 
the blood. 


2. EXCRETION 

The skin, lungs, liver, and the mucosa of the intestine perform excretory 
functions. We will consider, however, only the kidneys, whose function is, 



so far as is known, entirely excretory (Fig. 20:3) . The shape of the mam¬ 
malian kidney is so characteristic that the term "kidney-shaped” is in com¬ 
mon use. The kidneys lie against the body wall and project into the ab¬ 
dominal cavity. The urine, is carried from each kidney in a long slender 
tube, the ureter, which opens into the urinary bladder. The urinary bladder 
lies in the pelvic cavity in front of the rectum. It is a muscular sac which. 


Art. 2 EXCRETION 

, 261 
when distended with urine, is oval in shape. The lower portion of tlic blad¬ 
der naiTows to form a tube, the urethra, which opens on the exterior of 
the body and through which the urine is voided. 
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T structure of the kidney. On the left, a longitudinal section of 

me hum^an kidney. By permission from Ammal Biology by Lorande Loss Woodruff 

Second Edition Copyright 1938 by The Macmillan Company. On the right, a diagram 
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The kidney is made up of a large number of minute excretory units 
(Fig. 20:4). Each of these units consists of a rounded structure called a 
Malpighian body, which is connected with a fine coiled tube called the 
uriniferous tubule. The Malpighian bodies are located in the outer por¬ 
tion of the kidney near its surface and each contains a tangled mass of 
capillaries or fine blood vessels. The uriniferous tubules after leaving the 
Malpighian bodies run back and forth in the substance of the kidney and 
join collecting tubules which open into a large central cavity in the kidney 
that is continuous with the ureter. 

The Malpighian bodies and the uriniferous tubules differ in function 
and are to some extent complementary. The Malpighian body acts as a filter 
in which the blood corpuscles and blood colloids, chiefly proteins, are held 
back and the plasma, including the blood salts, urea, uric acid, and water 
pass through the walls of the capillaries. Filtration requires a difference of 
pressure. In this case the difference in pressure is that between the blood 
pressure in the capillaries and the pressure in the li(|uid in the capsule. 
The uriniferous tubules are mainly concerned with the rcabsorption of cer¬ 
tain substances from the filtrate back into the blood plasma. Glucose, 
chlorides, bicarbonates, and a considerable proportion of the water are 
reabsorbed. The liquid which passes from the uriniferous tubules into the 
collecting tubules is the urine. 

The tirine normally contains about 95 per cent water, but the amount 
varies greatly according to the amount of liquid taken by the person and 
the amount of water lost in perspiration through the skin, which may be 
equal in amount to that given off by the kidneys. The other 5 per cent con¬ 
sists of soluble salts, of which somewhat over 1 per cent are inorganic and 
somewhat under 4 per cent are organic, chiefly urea. Urea, CO(NH 2 ) 2 ' 
the chief nitrogenous waste product of the body; it occurs also in perspira¬ 
tion. 



CHAPTER 27 

The Circulation 


The materials required by the cells to carry on their vital functions and 

the waste products produced in these processes are carried in tlie blood and 
lymph. 


1. THE BLOOD 

The blood is a living tissue. It contains living cells. It differs from other 
tissues in that the intercellular substance is litjuid. 


A. THE COMPOSITION OF THE BLOOD 

The liquid portion of the blood is called the plasma. The cells, or cor¬ 
puscles, as they arc called in the case of the blood, are of different kinds. 
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F>g. 21:1 Human blood cells and platelets. The .strands extending between the cells 
and platelets are of fibrin formed when coagulation lakes p) 


laee. 


The red corpxtscles are biconcave, circular disks (Fig. 21:1). As seen in 
the circulating blood they are without nuclei, but they are developed from 
nucleated cells in the bone marrow. The white corpuscles are somewhat 
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larger than the red corpuscles, are nucleated, and are capable of amoeboid 
movement. Some of the corpuscles may act as phagocytes, that is, they may 
engulf foreign bodies, including bacteria. A third kind of corpuscle, called 
a platelet, is smaller than either of the other kinds and is without a nucleus. 
The latter disintegrate rapidly when bleeding occurs and are believed to 
contain a substance which causes the clotting of the blood. 

One cubic millimeter of normal blood contains approximately five million 
red corpuscles, and five thousand to ten thousand white corpuscles, and 
it takes from twenty-five to thirty cubic millimeters to make one good-sized 
drop of blood. Put in another way, if human beings were blood corpuscles 
the population of the world would be contained in from ten to fifteen 
drops. The blood of a man forms from 5 to 7 per cent of his total weight, 
and it has been estimated that a man weighing sixty-eight kilograms (150 
pounds) has about 25 x 10’" or tweny-five trillion red corpuscles. 

fi. THE FUNCTIONS OF THE BLOOD 

Transport of Oxygen. The color of the red corpuscles is due to a sub¬ 
stance called hemoglobin, which is present in large quantities dis.soIved in 
the cyto])lasm. Hemoglobin is a protein which contains iron in addition to 
the other elements present in proteins, and is characterized by the case with 
which it combines with oxygen. Owing to the presence of hemoglobin the 
blood is able to carry seventy times as much oxygen as it would if it carried 
the oxygen only in solution in the plasma. 

In the lungs the oxygen from the air passes through the thin epithelial 
w'alls of the alveoli and the walls of the capillaries into the plasma. From 
the plasma it passes into the red corpuscles and there is combined with 
hemoglobin. \Vhen the blood reaches capillaries in tissues that are poor in 
oxygen owing to oxidations going on in them, the hemoglobin gives up its 
oxygen through the plasma and the walls of the capillaries to the tissues. 

The Transport of Carbon Dioxide, Most of the carbon dioxide trans¬ 
ported from the tissues to the lungs is carried in the plasma of the blood 
in the form of sodium bicarbonate. 

The Transport of Food Materials. All of the products of digestion which 
are absorbed through the intestinal wall find their way into the blood and 
are carried in the plasma until taken up and used by tis.siie cells. Although 
relatively large amounts of these substances may be digested and absorbed, 
their concentration in the blood is low and is maintained practically con¬ 
stant, Thus the amount of glucose in the blood is about 0.1 per cent, and of 
fat about 0.2 per cent, and the amounts of these substances fluctuate only 
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wuhm narrow limits. A.nino acids are always present in small but practically 
constant amounts. * ucaiiy 

T/ie Transport of Waste Materials. Waste materials such as urea uric 

acid and a number of other nitrogenous substances are transported in the 

blood from their seat of origin to the kidneys or the skin, where they are 
excreted. ^ 


The Transport of Other Substances. Many other substances, such as 
enzymes, hormones, and immune bodies, such as aniito.xins which ncu- 
trahzc bacterial poisons, arc carried in the blood. 


The Equalization of the Body Temperature. The blood sessels function 
as a very efficient and widely distributed hot-water heating system for the 
body. The blood as it courses through the tissues carries the heat from 
parts of the body where it is being generated, such as the muscles, to tlie 
more superficial and cooler parts, maintaining an even temperature 
throughout. The temperatures of the different parts of the body seldom 
vary by more than one or two degrees Fahrenheit. 


C. THE CLOTTING OF THE BLOOD 

When a blood vessel is ruptured and bleeding occurs the flow of blood 
IS normally stopped by the comraciion of the walls of the vessel and the 
ormation of a clot. A clot is formed wlien blood comes in contact with the 
air or foreign material such as a piece of cloth, metal, or glass. When a 
clot of blood is examined under a microscope it is found to contain a 
tangled mass of fine fibrils. The substance of which these fibrils consist, 
called fibrin, is formed from a protein normally in the plasma. The trans¬ 
formation of this protein into fibrin is somewhat complicated. It is initiated 
by the breakdown of the platelets, which liberate a substance that starts 
a series of reactions, the end result of which is the formation of fibrin. If 
a quantity of blood is placed in a vessel the clot will separate out as a 
dark red mass floating in a light colored liquid called the serum. The 
serum consists of the plasma minus the corpuscles, which are caught in the 
nicshes of the clot, and the substances which form the fibrin. 


2. THE BLOOD VASCULAR SYSTEM 

The blood of vertebrates circulates in a closed system of vessels. The 
system consists of the Iieart, arteries, veins, and capillaries. The blood is 
carried away from the heart and to the tissues in the arteries. In the tissues 
It passes from the arteries through capillaries to the veins. In the veins the 
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blood passes back to the heart. The blood is always at a higher pressure in 
the arteries than in the veins. Arteries always have thicker and more mus¬ 
cular walls than veins of comparable si/e (Fig. 21:2). The walls of all the 
blood vessels are elastic, so that when blood is forced into them they ex¬ 
pand. The capillaries are exceedingly small tubes, usually not greater and 
often less in diameter than the red corpuscles, so that the latter have to 



Fig. 21:2 Transverse section through 
a small artery and a small vein, show¬ 
ing the relative difference in the thick¬ 
ness of their walls. By permission from 
Textbook of Anatomy and Physiology by 
Diana Clifford Kimber, Carolyn E. 
Gray, and Caroline E. Stackpolc. 
Ninth Edition. Copyright 1934 by 
The Macmillan Company. 



Fig. 21:3 Fine capillaries from 
the mesentery. The small, dark, 
oval bodies are the nuclei of the 
epithelial cells. By permission 
from Textbook of Anatomy and 
Physiology by Diana Clifford 
Kimber, Carolyn E. Gray, and 
Caroline E. Stackpole. Ninth 
Edition. Copyright 1934 by The 
Macmillan Company. 


squeeze through by bending or twisting. The walls of the capillaries con¬ 
sist of a single layer of thin, flattened epithelial cells (Fig. 21:3). The trans¬ 
fer of niaterials between the blood and the tissues occurs only through the 
walls of the capillaries. 


A. A GENERAL ACCOUNT OF THE CIRCULATION OF THE BLOOD 

In man and the higher vertebrates the circulation may be divided into 
two more or less independent parts: a lesser or pulmonary circulation m 
which the blood passes from the heart to the lungs and back to the heart, 
and a greater or systemic circulation in which the blood passes from the 
heart to the body in general and back to the heart (Fig. 21:4). In the 
pulmonary circulation the blood receives oxygen and gives off carbon 
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dioxide in the systemic rirc.lation the oxvgen is given np to the tissues and 
carbon dioxide is taken Ironi them into tlie blood. The blood is pumped 

Head 


Right arm 


arm 


Superior vena cava 
Right lung-. 


Right auricle-;;^ 

Right ventricle-'"' 

Liver' 

Inferior vena cava''". 


Right kidney— 



Left lung 


Left auricle 
•• -Left ventricle 
Heart 

^ Intestine 
'Left kidney 

Hepatic portal 
system 


Right leg 


,Left leg 


Fig. 21:4 A diagram of the circulation of the blood. The dark portions contain blood 
poor m oxygen, the clear portions blood rich in oxygen. Modified after Th, Human 
Body by Logan Clendening. Copyright lO.'it) by Alfred A. Knopf, Inc. 

through the pulmonary circulation by the right side of the heart and 
through tile systemic circulation by the left side of the heart. 


B. THE HEART 

The heart is located in a division of the coelom which lies in the central 
portion of the thorax between the right and left lungs. It is a pear-shaped 
body about the si/e of the closed fist. The apex or smaller end is turned 
downward and slightly forward and to the right. A median partition divides 
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the heart into right and left halves (Fig. 21:5). Each half is divided into 
an auricle and a ventricle, d'he auricles form the upper and broader por¬ 
tion ol the heart, the ventricles the lower and apical portion. The partition 
payees sligiuly to the rigiit ol tlie apex so that the right ventricle is smaller 
than tlie lelt \entii(le. I he auricles are thin-walied and somewhat irregular 
in shape. The ventricles have thick muscular walls. Jiiood goes from the 
light side of the heart to the lungs. .After recei\ing oxvgen and giving up 
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Fig. 21:5 The human heart in section, front view. By permission from The Science oj 
HeaUh and Disease a Textbook of Physiology and Hygiene by Howard \\\ Haggard. Copy¬ 
right 1927 by Harper & Brothers. 


carbon dioxide in tlic lungs it returns to the left side. From the left side 
ol the heart the lilood is sent to tlie body in general, supplying all of the 
tissues with oxygen and relieving them of carbon dioxide. The entrances 
into the pulmonary artery, which carries the blood to the Itings, and into 
the aorta, whicli carries the blood to all the other parts of the body, are 
guarded by valves. 

I hus the heart consists of two complete and separate pumps, one on the 
right side, the other on the left side. That on the right side may be called 
the pulmonary pump, that on the left side the systemic pump. In forcing the 
blood through its particular part of the circulation each pump goes through 
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a cycle in which die auricle and ventricle are 
tracted (Fig. 21:6). 


alternately 
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relaxed and con- 


We will consider first the pulmonary pump uhich consists of the right 

Zf LL t ‘‘ ' blood 

into It from the large veins of the systemic circulation. While this is 
occurring the valve guarding the opening into the ventricle is closed so 

filled with blood us muscles begin to contract, and since at this time the 
niuscles of the ventricle are relaxed, the valve between the auricle and the 
ntricle opens and blood flows from the auricle into the ventricle. When 
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the ventricle becomes filled with blood its muscles begin to contract and 
the valve to the auricle closes owing to the pressure. The mounting pres¬ 
sure in the ventricle causes the valve in the pulmonary artery to open. 
The muscles of the ventricle continue to contract, and the blood is driven 
through the pulmonary arteries into and through the capillaries of the 

lungs. From the lungs the blood is carried back to the left side of the 
heart in the pulmonary veins. 

The systemic pump consists of the left auricle and the left ventricle. It 
drives the blood through all the organs and tissues of the body except the 
ungs. When the left auricle is relaxed the blood from the pulmonary veins 
ows into it. The left auricle now contracts and the muscles of the 
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ventricle being relaxed ilie valve into the ventricle opens and allows the 
blood to How into and fill it. When filled the left ventricle begins to con¬ 
tract, and as the pressure within it gradually increases, the valve between 
it and the auricle closes and the valves in the aorta open. As the muscles of 
the ventricle continue to contract, the blood is driven through the aorta 
and its various branches, and sufficient pressure is maintained to force it 
through the capillaries of the systemic circulation. From these capillaries 
the blood passes into the veins and eventually reaches the right auricle to be 
pumped to the lungs and go through another cycle. 

W hile the l>lood passes through the two separate circulations, the pul¬ 
monary and the systemic in setjuence, the two pumps represenicd by the 
right and left sides of the heart act simultaneously so that the right and 
left auricles contract together and the right and left ventricles contract to¬ 
gether. In a normal, healthy, resting adult the heart beats, that is, the 
auricles and ventricles contract, sixty-five to eighty times per minute, or 
a little over once per second, depending on age and other constitutional 
fadors. It docs this with a regularity which rivals that of the second hand 
of a watch. The heart is not only remarkably regular in its beating; it 
beats continuously from before birth to death. 

The pulse, which can be felt in various parts of the body such as the 
neck, ankle, or wrist, is due to the wave of blood pressure which passes 
along the systemic arteries each time the left ventricle contracts. It occurs 
slightly after the contraction of the ventricle, but of course has the same 
rhythm. The term blood pressure is usually applied to the fluid pressure 
in a blood vessel. It varies along the length of an artery, being greatest 
nearest to the heart and gradually falling off in the capillaries and veins. 

C. THE ARTERIES 

The aorta after leaving the heart turns sharply from right to left (Fig* 
21:7). As it does so it gives off branches which supply blood to the throat, 
tongue, face, brain, chest, and arms. After giving off these arteries the dorsal 
aorta ]>asscs through the thorax and enters the abdominal cavity. In the 
abdominal cavity the dorsal aorta gives rise to a series of arteries which 
supply the stomach, liver, pancreas, small intestine, and large intestine. 
In the pelvic region the dorsal aorta divides to form a pair of arteries 
which go to organs in the pelvic cavity and the legs. These various branches 
of the aorta branch repeatedly in the organs to which they go, formm^ 
finer and finer branches. Also besides the main branches mentioned there 
are many smaller branches of the aorta which supply the body wall an 
other organs not mentioned in this brief suney. Indeed so extensive is the 



A large vein, the superior vena cava, brings the blood from the iinner 

part of the body to the right auricle (Fig. 21:8) . d his vein is formed hy die 

union of two veins, one from each side of the body. I'hcse veins bring blood 

rom the brain, face, and arm. From the abdomen and the lower part of 

the body the blood goes to the heart in another large vein, the inferior vena 

fova, ]ust below the diapliragm this vein reteives large hepatic 7 >eins from 

tie hvcr. Also in the abdominal cavity it receives veins from the kidneys 

and veins from the abdominal wall. Near the pelvic cavity it is formed 

rom the union of two veins whicli bring blood from the organs in the 
pelvic cavity and the legs. 

A special system of veins called the hepatic portal system takes the blootl 
foni the stomach and intestines to the liver. I'he blood is collected from 
capdlaries in the wall of the stomach, the small intestine, anti the large 
intestine and carried to capillaries in the liver. From capillaries in the liver 
tie blood goes into the hepatic vein already mentioned. In this system the 
sugar absorbed from the small intestine is carried to the liver to be stored 
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as glycogen and the other food materials are taken directly to the systemic 
circulation to be distril)uted to tlie body. 


3. THE LYMPHATIC SYSTEM 

In most cases the cells of the tissues of the body are more or less loosely 
fitted together so that small irregular spaces occur between them. These 
spaces are filled with a fluid called lymph. The liquid part of the lymph 
resembles the plasma of the blood from which it arises by diffusion and fil* 
tration through the walls of the capillaries. It usually contains less protein 
substance than the blood and may, as in the lymphatic vessels leaving the 
small intestine, contain considerable quantities of fat in the form of small 
globules. Certain of the white corpuscles frequently w'ander through the 

walls of the capillaries and are found in the lymph. 

The lymph in which most of the cells of the body are bathed forms their 
environment, just as the pond water forms the environment of an amoeba. 
This environment of the cells of the body is determined largly by the com 
position of the blood and its circulation through the body. Hence the im 
portance of the blood and the circulation in maintaining the environment 
of the tissues, which is essential for the proper functioning of the different 
organs of the body. 




CHAPTER 22 


Coordination 


he coord.n«ion of the activities of the various organs and organ systems 
brought about by two different methods. In the method used in the 
nervous system and the sense organs ,um,e impulses or messages are sent 
along the nerves from the organs to the brain and spinal cord a.ul frotn the 
ram and .spinal cord to the variotis organs. In the other method, sub¬ 
stances called hormones are passed into the blood hv special glands of 
internal secretion and carried to all parts of the body. When a hormone 
IS taken up by a specific organ, even in very small tiuamities, it may iiroditce 

pronounced changes in the functioning of the organ. The nervous system 
Will be considered first. 


1- THE NERVOUS SYSTEM 

The nervous system may be divided into the central nervous system, which 

includes the brain and spinal cord, and the peripheral nervous system, 

which consists mainly of the nerves through wliich nerve impulses pass to 
all parts of the body. 


A. A GENERAL DESCRiPTION 

It IS convenient to describe the spinal cord and the spinal nerves before 
describing the brain and the cranial nerves. 

(1) THE SPINAL CORD AND THE SPINAL NERVES 

The spinal cord lies in the neural canal protected from external pressure 
y the neural arches and centra of the vertebral column. It has the form 
o an elongated cylinder. At its anterior end it is joined to the brain and 
at Its posterior end it tapers to a fine point (Fig. 22:1). Running through 
le length of the spinal cord is a fine canal, the central canal. From the 
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sides of the spinal cord arise the spinal nerves. These are arranged in a 
series of pairs. Tlie members of a pair are on opposite sides of the cord 
and are distributed to corresponding parts on each side of the body. Each 
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Fig. 22:1 A ventral view of the human central nervous system and the origins of the 
cranial and spinal nerves. The sympathetic system is not shown. 


nerve arises by a dorsal and a ventral root, which join to form the nerve. 
On the dorsal root of each nerve is a slight enlargement called the dorsal 
ganglion. In a cross section (Fig. 22:2), the spinal cord is found to be 
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composed of an outer m/ttVe s„/>sfn„rr, rvhid, contains nerve fibers an . 
inner gray substa„re wl.ich contains nerve cells. 

Each spinal nerve contains sensory fibers carrying messages to ■ . 

cord and motor fibers carrying messages from the cord. The messager’to 
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Allen '■com An Inlmduclwn to thr VrrtfbraUs by Leverett 

■’'■W-'icd by John Wiley & 

tile cord enter by the dorsal root and the messages from the cord go otit 
by the ventral root. 

(2) THE BRAIN AND THE CRANIAL NERVES 

In the embryo the brain and spinal cord arise from the outer layer of 
cells as a long groove which later, owing to the folding over of the edges 
o the groove, becomes a tube. In the case of the spinal cord the walls of 
this tube become uniformly thickened and the cavity is redneed to the small 
central canal. In the brain, however, certain parts of the walls of the tube 
ecome much thicker and the cavity of the tube becomes enlarged in cer¬ 
tain places. At first there are three such enlargements, called the fore-, mid-, 
and hindbratns. Later constrictions appear in the fore- and hindbrains so 
at the entire brain becomes divided into five divisions (Fig. 22:3) It is 
not possible to assign preci.se functions to each of the five divisions of the 
ram but it may be said, in general, that the higher the animal in the 
ertebrate scale, the greater is the development of the more anterior di- 
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visions, especially those which arise from the forebrain; and that the more 
posterior divisions, especially those which arise from the hindbrain, bear 
more resemblance to the spinal cord and are concerned with the simpler 
and more primitive activities of the animal. 

The first part of the forebrain consists in large part of the right and left 
cerebral hemispheres, which are the seat of conscious thought and originate 
all voluntary movements. In man they are so large that they cover and 
obscure most of the other parts of the brain. Just under the front of each 
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Fig. 22:3 A diagrammatic sagittal section of the head of a human foetus about the 
third month, showing the parts of the brain. The olfactory lobes, cerebral hemispheres, 
and the third ventricle are formed in the forebrain. The cerebellum, the fourth ventricle, 
and the medulla oblongata are formed in the hindbrain. 


cerebral hemisphere is a small olfactory lobe which receives a nerve of 
smell. The second part of the forebrain is not large but is important. It 
lies under the cerebral hemispheres. The optic nerves from the eyes enter it 
on its under side. Also located on the under side of this part of the brain 
is the pituitary body which, although developed partly from the same tis¬ 
sues as the brain, is not nervous in function but acts as a ductless gland, and 
will be referred to later (see Chapter 22, Section 3, E). The midbrain is 
concealed under the cerebral hemispheres. Its upper portion is formed by 
four rounded projections, the optic lobes in which the fibers of the nerves 
from the eyes and ears terminate. The lower portion is formed by bundles o 
nerve fibers which pass from the cerebral hemispheres to the spinal cord an 
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from the spinal cord to the cerebral hemispheres. The lost part of the 
hindbrain is relatively large and prominent. Its upper portion is formed 
by the cerebellum, ivhich is responsible tor many unconscious actions and 
correlations, including the maintenance of bodily e(|uilibrium. The second 
part of the hindbrain connects tlie rest of the brain with the spinal cord. 
Its wall is thickened on the under side to form the medulla obloneata. The 
central canal of the spinal cord is continued into the brain as a series of 
cavities continuous with each other, called ventricles. The most conspicuous 
of these occur in the fore- and hindbrains. 



I Olfoctory, sensory 

II Optic, sensory 

To eye muscles, motor 

To face and mouth, 
sensory and motor 

VIII Auditory, sensory 

IX To tongue and pharynx, 

sensory and motor 

X To internal organs, 
sensory and motor 

XI I To digestive troct 
XIIJ and tongue, motor 


y»g. 22:4 The twelve cranial nerves. By permission from The Human Body and Its 
an Elementary Text-Book of Physiology by C:. H. Best and N. B. Taylor. Copyricht 

1932 by Henry Holt and Company. ^ 


There are twelve cranial nerves (Fig. 22:4). Two of these, namely those 
of smell and sight, have already been referred to; the remaining ten with 
one exception arise from the under side of the brain. The third, fourth, and 
sixth cranial nerves are entirely motor and carry nerve impulses to the 
muscles that move the eyeballs in their sockets. The fifth and seventh cra¬ 
nial nerves are sensory and motor and innervate the face and mouth, in¬ 
cluding part of the tongue, d'lie eiglith is the auditory nerve: it is entirely 
sensory and carries nerve impulses from the car to the brain. The ninth 
cranial nerve innervates the tongue and pharynx. The tenth nerve has a 
very wide distribution and goes to die pharynx, esophagus, respiratory or- 
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gans, and the heart. It is sensory and motor. The eleventh nerve is en¬ 
tirely motor. It innervates tlic digestive tract and the respiratory organs. 
The twelfth cranial nerve is entirely motor and activates the muscles of 
the tongue. 

(3) THE SYMPATHETIC NERVOUS SYSTEM 

Connected with ilie brain and spinal cord is a system of nerves and 
ganglia which are chiefly concerned with the control of the movements and 
other activities of the internal organs. This system may be called the 
sympathtic nervous system. Unlike the brain and spinal cord this system 
seems to involve only motor nerves. I'he organs in the thorax and abdo¬ 
men are controlled by two chains of ganglia, one chain running on each side 
near and parallel to the spinal cord. The ganglia in these chains are con¬ 
nected with the spinal cord through branches of the spinal nerves and in 
turn send sympathetic nerves to the heart, lungs, stomach, intestine, kidney, 
bladder, and other organs. In some cases as in the heart the organ is stim¬ 
ulated to increased activity; in other cases, for example, the stomach, the 
organ is inhibited, that is, its activity is slowed down or stopped. Another 
scries of sympathetic nciwcs is connected with the midbrain and the medulla 
oblongata. These nerves travel in certain of the cranial nerves and go also 
to certain internal organs. The effect of these nerves may be the reverse of 
that of the sympathetic nerves just considered. For example the action of the 
heart may be inhibited. .\ peculiarity of the sympathetic nervous system is 
that it contains not only nerves which stimulate organs to activity but also 
nerves which inhibit the activity of organs. The sympathetic nervous sys¬ 
tem aflects and is affected by the emotions and also by certain glands of in¬ 
ternal secretion. 


B. THE MECHANISM OF THE NERVOUS SYSTEM 

(1) THE NERVE CELLS 

Just as in the digestive system the processes of secretion, absorption, and 
assimilation are carried on by the individual cells, so in the nervous system 
the coordination and control of the activities of organs and tissues is the 
work of the nerve cells; and like all the other cells of the body, nerve cells 
are adapted to the part which thev play. The adaptation takes the form of 
long protoplasmic processes through which messages in the form of nerse 
impulses pass. The processes are of two kinds. In one kind the nerve im¬ 
pulses pass toward the ner\'e cell body. These processes are called dertdntf^ 
because their numerous branches give this part of the cell a rootlike ap- 
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pearance. In the other kind of process, called an axon, the nerve i.npuls^! 
pass outward from the cell body. ^ 

Three types of nerve cells occur in the nervous system—sensory cells 
motor cells, and association cells. They may be studied in the spinal cord 



Fig. 22:5 A motor nerve cell. The medullary sheath is here indicated as a thick clear 
area surrounding the axon. The cells of the neurilemma are exceedingly thin and except 
lor their nuclei are indicated by lines surrounding the medullary sheaths. By permission 

and Physiology by Diana Clifford Kimber, Carolyn E Grav 
and Caroline E. Stackpole. Ninth Edition. Copyright 1934 by The Macmillan Company! 

and the dorsal ganglia (Fig. 22:2). Cell bodies of motor cells (Fig. 22:5) 
occur in the ventral portion of the gray matter of the spinal cord. Each 
contains a well-defined nucleus. There are numerous dendrites and they 
Iiranch repeatedly in the gray matter. The single axon passes out of the 
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spinal cord in the ventral root of a spinal nerve and goes to a muscle oi 
gland to the cells of which it conveys nerve impulses. Cell bodies of sensory 
cells occur in the dorsal ganglia. The dendrite and axon are united where 
they join the cell body. The dendrite is a single long process extending from 
the skin or a sense organ to the cell body. The axon is relatively short and 
passes from the cell body in the dorsal ganglion through a dorsal root to 
the dorsal portion of the gray matter. Nerve impulses are carried from the 
skin or a sense organ to the spinal cord. In the case of the association cells 
of the spinal cord the cell bodies and the processes arc confined to the gray 
matter. The cell bodies are located in the dorsal portion of the gray matter, 
the dendrites ramify among the branches of the axons of the sensory cells, 
and the axons send branches toward the dendrites of the motor nerve cells. 
When outside the gray matter of the spinal cord the dendrites and axons 
of sensory nerve cells and the axons of motor nerve cells are covered over 
most of their length by two sheaths the outer of which, called the neuri¬ 
lemma, is cellular and provides nourishment for the fiber, while the other, 
the medullary sheath, is noncellular and is composed of a fatty substance 
which provides insulation and protection. 

(2) THE NERVE IMPULSE 

The term nerve impulse is applied to the change w'hich passes along the 
nerve when it transmits a stimulus from one part of the body to another. 
Nerve impulses travel to the cell body in the dendrites and away from the 
cell in the axon, and it appears that in most cases a nerve impulse can pass 
through a nerve cell and its processes in only one direction. Little is known 
of the actual nature of the nerve impulse. The rate at which it travels along 
the nerve varies in different animals, in different nerves in the same animal, 
and in the same nerve under different physiological conditions. In man the 
rate may be as high as 125 yards per second. 

Many features point to the nerve impulse being the passage along the 
nerve of a chemical change accompanied by an electrical change. It is cer¬ 
tainly not simply an electric current passing through the nerve and it is 
also certainly not a mechanical force such as a tension in the nerve. That 
the propagation of the nerve impulse requires energy is shown by the fact 
that nerves take in oxygen, give off carbon dioxide, and become heated 
when the impulse passes. However, the amount of energy required for 
nervous activity is relatively much less than for the other activities of the 
body. 

Usually more than a single nerve cell is involved in any nervous action 
and the nerve impulse must pass from one to the other. The nerve impulse 
passes from the branches of the axon of one cell to the dendrites of the 
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other cell. The passage of the impulse is believed to be made possible by 
the intimate relation of the two processes and to occur only under certain 
physiological conditions. The term synapse is applied to this relationship 
between the two nerve processes. It has been found that in a synapse the 
nerve impulse can pass in only one direction. The synapse has also been 
shown to be the seat of fatigue in nervous activity. 


(3) SPINAL REFLEXES 

A reflex or reflex act is a simple act which conforms to a definite pattern 
when the stimulus required to evoke it is applied. A spinal reflex is one 
which occurs independently of or in the absence of the brain. Spinal re¬ 
flexes can be easily demonstrated in the frog. When the brain of a frog is 
removed and the animal is otherwise in good condition it is able to carry on 
most of its vital functions but it will make no spontaneous movements, 
that IS, movements not in direct response to a stimulus. If, however, the 
skin of one side of the body of such a frog is irritated by placing on it a 
small piece of paper saturated with dilute acid, the hind leg of the same 
side will be moved up and the paper will be pushed away, and if the leg 
on the side stimulated is held down the leg on the opposite side will at¬ 
tempt to remove the paper. 

Corresponding to the pattern of behavior expressed in the reflex act there 
IS in the nervous system a definite arrangement of the nerve cells and their 
processes along which pass the nerve impulses that give rise to the reflex 
action. This is called the reflex arc. A simple reflex arc has already been 
described in the earthworm (Fig. 14:7). In the case of a spinal reflex 
(Fig. 22:2), the path taken by the nerve impulse is somewhat more com¬ 
plicated. Starting in the terminal branches of a dendrite of a sensory nerve 
cell in the skin, it passes in the dendrite to a dorsal ganglion. In the dor¬ 
sal ganglion the impulse may apparently by-pass the sensory nerve cell and 
go directly to the axon and in it to the gray matter of the spinal cord. 
From the terminal branches of the axon in the gray matter it may pass 
through a synapse to the terminal branches of the dendrites of an associa¬ 
tion cell. In this association cell the impulse is carried from the dorsal 
portion of the gray matter to the ventral portion of the gray matter either 
on the same or the opposite side of the spinal cord. Here another synapse 
occurs between the terminal branches of the axon of the association nerve 
cell and the terminal branches of the dendrites of a motor cell. After passing 
through the cell body of the motor cell the nerve impulse passes in its 
axon to a leg muscle and stimulates it to contract. It should be under¬ 
stood that in an actual reflex act the reflex arc usually consists of several 
nerve cells of each type conducting in parallel. Thus the area of the skin 
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stimulated may be such that a number of sensory cells are affected which 
in consequence transmit nerve impulses to a number of association cells that 
in turn transmit it to a number of motor nerve cells. Also two association 
cells may be arranged in series so that the impulse passes successively 
through them. As some of the axons of the association cells cross the spinal 
cord, impulses may be transmitted to motor cells on the opposite side and 
thus muscles on the opposite side of the body may be stimulated. 


(4) REFLEXES IN THE BRAIN 


Reflex arcs also occur in the brain and are responsible for many of our 
involuntary actions. When food is tasted the salivary glands secrete saliva 
into the mouth. This is a reflex act. The path of the corresponding arc can 
be traced through the sensory part of the seventh cranial nerve to the 
brain (Fig. 22:6). Food stimulates taste organs in the tongue, and nerve 
impulses are sent along the cranial nerve and through its ganglion to a 
primary taste center in the medulla oblongata. Flerc the nerve impulse 
passes through a synapse to an association nerve cell, B, which carries it 
in the seventh cranial nerve to the salivatory motor center. From here the 
nerve impulse is carried in another nerve cell to the ganglion of the salivary 
gland and, passing across another synapse enters a motor nerve cell that 
stimulates the salivary gland, causing it to secrete saliva. This is the path 
taken by the nerve impulse in producing the simple involuntary reflex act 
and may be called the primary taste-salivatory reflex path. However, the 
nerve impulse may, and probably usually does, take also another path. In 
this secondary path it passes through a series of association cells which 
carry it from the taste center in the medulla oblongata to a correlation cen¬ 
ter, probably in the cerebral hemispheres. From here the nerve impulse 
passes in another series of association cells back to the medulla oblongata 
and to the salivatory center. This path, which may be called the secondary 
taste-salivatory reflex path, is probably taken by the nerve impulse when 
one is conscious of the act. 

Taking another example, when a sound is heard the head is turned in 
the direction of the sound. Here again is a simple reflex act, and the nerve 
impulse can be traced along a primary auditory-head-turning reflex path 


in the spinal cord and the medulla oblongata. From the ear the nerve im¬ 
pulse passes in the nerve of hearing to a primary auditory center. Crossing a 
synapse in the primary auditory center, it is carried in an association cell, 
A, to the spinal cord. Here, in the neck region, another synapse occurs and 
the impulse is transmitted to a motor nerve cell which carries it in a spinal 
nerve to a muscle that turns the head. As was the case in the previous ex- 
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ample, the nerve in,pulse may follow a secondarv auclitorv-head-turnine 
reBex path which takes it through the correlation center. 

Our reactions are not always so simple as those outlined in the examples 



Fig. 22:6 A simplified diagram of the paths taken by the nerve impulse in some refle.\ 
acts. The primary taste-salivatory and audiiory-hcad-turning reflex paths are shown in 
continuous lines. The loop of the auditory-hcad-turning reflex path going to the corre¬ 
lation center is shown in interrupted lines. The similar loop of the taste-salivatory reflex 
path IS shown in dotted lines. The path connecting the auditory-head-turning reflex 
path to the taste-salivatory path established by the conditioned reflex in the correladon 

dotted lines. By permission after Brains oj Rats and Men, A Survey 
oj Itu Origin and Biological Significance of the Cerebral Cortex by C. Judson Herrick. Copy¬ 
right 1926 by The University of Chicago. Published by The University of Chicago Press. 

chosen. The flow of saliva may be caused by other stimuli than those of 
taste. The mouth may water, that is, saliva may flow into it at the sight 
of a good steak or even at the sound of the dinner bell. Yet no simple 
nervous pathways are known to occur between the optic or auditory centers 








284 


COORDINATION Ch. 22 

and the salivatory center. An explanation can, however, be obtained from 
experiments on animals. By a simple and comparatively painless operation 
the duct of one of the salivary glands can be connected with a fine glass 
tube and the saliva collected. In a dog so prepared the flow of saliva can 
be observed under different conditions. The flow of saliva is measured each 
time the dog is fed. \ new condition is then introduced; a bell is rung 
each time food is presented to the dog. After this has been done a con¬ 
siderable number of times the bell is rung as usual but the food is withheld. 
If the experiment has been carefully conducted and the dog not other¬ 
wise disturbed, a flow of saliva will occur just as would have occurred had 
the dog been given food. Thus a new reflex act has been instituted and 
another reflex pathway established. Such a reflex act is called a conditioned 
reflex. In the conditioned reflex the nerve impulse passes in the correla¬ 
tion center from the secondary auditory-head-turning reflex path to the 
secondary taste-salivatory reflex path. This is accomplished by nerve proc¬ 
esses of association cells of the secondary auditory-head-turning reflex path 
which form synapses with nerve cells of the secondary taste-salivatory reflex 
path (Big. 22:6). 

1 he process of developing a conditioned reflex may be likened to the proc¬ 
ess which occurs when a man learns to swim or to skate. New movements are 
made in response to new stimuli, new pathways are set up, and the relation 
between the stimuli and the movements becomes fixed by practice. 

2. THE SENSE ORGANS 

A sense organ is sensitive to a particular kind of stimulus, such as light, 
and relatively insensitive to other kinds of stimuli. This stimulus it trans¬ 
forms into a nervous impulse which is transmitted in a sensory nerve to a 
group of nerve cells in the brain or spinal cord. Thus the sense organ selects 
the stimulus from among all the many different kinds of physical changes 
which occur in its environment. For example, the nose is stimulated by 
odors, the eye by light, and the ear by sound. However, the kind of sen¬ 
sation which the person experiences, whether that of smell, sight, or hear¬ 
ing, depends on the part of the central nervous system to which the nerve 
impulse is transmitted. Thus when the optic nerve is stimulated by a 
stimulus other than that of light, as by pressure on the eyeball, the person 
still receives the sensation of sight, and when the auditory nerve is stimu¬ 
lated by a stimulus other than that of sound, such as an electric current, the 
person nevertheless receives the sensation of hearing. No kind' of stimula¬ 
tion of the auditory nerve will produce the sensation of sight nor will any 
kind of stimulation of the optic nerve produce the sensation of hearing. 
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A. THE NOSE, MOUTH, AND BODY IN GENERAL 

The nasal cavities are partly lined with a moist, sensitive, olfactory 
membrane composed of epithelial cells. Among these epithelial cells are 
sensory cells (Fig. 22:7), elongated, ciliated cells, con¬ 
tinued internally into fine nerve fibers. These nerve 

fibers make up the olfactory nerve which connects with 
the olfactory lobe of the brain. 

The cavity of the mouth is also lined with a moist 
membrane which contains sensory cells. Here, however, 
they tend to be collected in groups forming taste organs, 
which are especially numerous on the tongue. Although 
resembling the sensory cells of the olfactory epithelium, 
the sensory cells of the taste organs do not give rise to 
nerve fibers. Fine processes from sensory branches of two 
cranial nerves surround them and transmit the nerve im¬ 
pulses to the brain. 

Throughout the body in the skin, muscles, walls of 
the digestive tube, and in fact everywhere, sensory cells 
occur which receive and transmit special stimuli, such 
as heat, cold, pressure, and fatigue. These stimuli are 
each received and transmitted by special sensory cells, so 
that a cell which is sensitive to heat, that is. a rising 
temperature, is under ordinary circumstances insensitive 
to cold, that is, a decrease in temperature. These sensory 
cells take on various special forms according to the 
stimuli to which they respond, and are surrounded or 
otherwise associated with fine fibers from sensory 
branches of spinal or cranial nerves. 


Fig 


B. THE EYE 

The human eyes lie in the orbits protected above by 
the eyebrows. The upper and lower eyelids close the eyes, 
most of the movement being in the upper eyelid. From 
the margins of the eyelids, rows of hairs, the eyelashes, 
project. The eyelids are covered externally by the skin and internally by 
a moist sensitive membrane, the conjunctiva, which is reflected from the 
inner surface over the front of the eyeball. The conjunctiva is kept moist 
and transparent by the secretion from the tear gland which is poured out 


22:7 Olfac¬ 
tory cells from the 
lining of the nasal 
cavity of the frog. 
The sensory cells 
have ciliated outer 
ends, enlarged nu¬ 
clei, and fine basal 
fibers. By permis¬ 
sion from The Biol- 

°iy °f T'rog by 
Samuel J. Holmes. 
Fourth Revised 
Edition. Copyright 
1927 by The Mac¬ 
millan Company. 
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through a number of minute ducts on the inner or conjunctival surface of 
the upper lid, and distributed by the winking of the eyelid. Ordinarily the 
secretion of the tear gland in excess of that required to keep the eye moist 
is carried away by the tear canal which opens into the nose. When the con¬ 
junctiva is irritated or the person experiences intense emotion the secre- 
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Fig. 22:8 A diagrammatic section of the human eye passing through the optic axis. 
The optic axis is the line passing through the center of the lens and the fovea. When 
the eye is directed at an object the optic axis is placed in line with it and the object 
is centered on the fovea. The optic nerve passes through the coats of the eye and enters 
it on the inner side of the fovea producing the blind spot. Slightly modified, by permis¬ 
sion, from Animal Biology by Lorande Loss Woodruff. Second Edition. Copyright 1938 
by The Macmillan Company. 


tion may be in excess of that which can be carried away by the canal and 
tears flow over the cheeks. 

The eyeball is moved in the orbit and the direction of vision controlled 
by the eye muscles. The movements of the two eyeballs are coordinated so 
that the two eyes look in the same direction. 

The internal structure of the eye may be studied in a longitudinal section 
passing through the lens and optic nerve (Fig. 22:8). Such a section shows 
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the three coats of the eyeball. The outer of these, the sc/erotic is a f,rm 
opaque, wh.te coat composed of connective tissue; it is continued over the 
anterior portion of the eyeball as the transparent coruca. Next comes the 
chared coat. This coat contains most of the blood vessels of the eye An 
tenorly u becomes separated from the sclerotic and forms the iris in the 
center of which is the opening called the pupil. The iris is pigmented and is 

Cone 


VHreous humor 


Pofh of light 



Sclerotic 


Fibers to 
optic nerve 


AssocioHon 
nerve cells 


Diagraimnatic section of the human retina. In the eye, the left side of 
nerve and"ther^*^ *n through the fibers of the optic 

?rMaT„:inaT£i?""' 

the pwt of the eye referred to when a person is said to have blue or brown 
eyes. 1 lie ins acts as a diaphragm and determines how much light enters 
e eye through the pupil. In dim light the pupil is large, in bright light 

1 f ti I f I * I lining of the posterior 

half of the eyeball is the retina. This is the thinnest of the three coats and 

contains the nerve cells. Just behind the iris and attached to the choroid is 

e lens. The part of the eye in front of the lens contains the aqueous 

humor, the part behind the lens the vitreous humor. A line drawn through 

he centers of the pupil and the lens and extending to the retina is callL 

the opt.c axis. Near where this line intersects the retina is a small area 

called the yellow spot or fovea. When an object is looked at its image is 

ormed at this spot. A short distance from the yellow spot toward the nasal 

stde of the eye is the blind spot where the optic nerve passes through the 
retina. ° 

The eye may be compared to a photographic camera and the retina to 
a photographic film or plate on which is recortled a picture or image of 
e held of vision. As in a photographic camera the image on the retina is 
inverted. This, however, does not bother us because we are not conscious 
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of what happens in the eye but only of the resulting sensation in the brain, 
which we interpret in accordance with our other sensations, especially those 
of touch. The image is focused on the retina by the lens. In a camera, 
focusing is accomplished by moving the lens back and forward. In the eye 
the same result is obtained by changing the curvature of the lens. 

The lens of the human eye is a biconvex body about the size of a pea. 
It is composed of living nucleated cells which take the form of transparent 
fibers. The whole structure is clastic and is held in place by a ligament 
which extends from its periphery to the choroid. This ligament holds the 
lens under a certain tension so that it normally tends to be flattened and 
adjusted for distant vision. In the choroid layer where the ligament is at¬ 
tached are small muscles. The contraction of these muscles tends to re¬ 
lieve the tension exerted by the ligament on the lens which, therefore, be¬ 
comes more convex and so adjusted as to form an image of a near object. 

The retina consists of three layers of nerve cells and their nerve processes 
(Fig. 21:9). The sensory cells, called rod and cone cells, which receive the 
light stimulus are in the part of the retina turned away from the light and 
toward the choroid coat. The rays of light, therefore, must pass through the 
other layers of the retina before reaching them. This does not interfere 
with vision because the nerve cells and fibers which overlie the sensory cells 
are almost completely transparent. Nearly everybody has become aware at 
some time of the minute blood vessels which run over the surface of the 
retina. On looking at a clear bright area they often appear as hazy trans¬ 
parent filaments resembling the hyphae of a fungus. 

The rod and cone cells owe their names to the peculiar shapes of their 
ends. In the case of the rod cells the ends turned away from the light take 
the form of long, straight rods. In the cone cells the corresponding ends 
are shorter pointed cones. Cone cells are the only retinal structures present 
m the center of the yellow spot, there being no rods there. Beyond the 
yellow spot the proportion of cone cells to rod cells diminishes toward the 
periphery of the retina, where there are very few cone cells. The rods and 
cones differ in function. The cones are sensitive to fairly bright light and 
distinguish between the different colors of the spectrum, while the rods are 
sensitive to dim light and do not distinguish colors. The sensitiveness of the 
rods and cones to light is due to a chemical substance which changes when 
exposed to light. 

C. THE EAR 

The ear in mammals including man contains three parts; the external 
ear, the middle ear, and the internal ear. The external ear projects from 
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the side of the head and consists of an irregular funnel-Iike portion lead- 
ng tnto a canal (F.g. 22:10). The inner end of the canal is dosed by a 
Uun taut membrane, the eardnun, ,^■ltich separates it front the tt.iddle ear 
The eardrum ts set m vibration by sou.tds which reach the ear. The middle 
ear is a small a.r-filled cavity in the auditory capsule of the skull. It con- 
ums three small bor,es which transmit the vibrations of the eardrum to the 
fluid which fills the inner ear. Part of the inner ear. called the cochlea is 
coded in a spiral like the cavity in a snail’s shell. It is in this part of the 


Audifory nerve 



Eardrum 


Eusfachian tube 


Scmidiagrammatic section through the right car. By permission from 
iextbook of Anatomy and Physiology by Diana Clifford Kimber, Carolyn E. Gray and 
arohne E. Stackpolc. Ninth Edition. Copyright 1934 by The Macmillan Company. 


ear that sounds arc analyzed and their pitch and quality determined. Sense 

cells in this part of the ear transmit nerve impulses to the fibers of the 
auditory nerve. 

The ear has another function besides that of detecting and analyzing 
sounds. Three small semicircular canals placed at right angles to each 
other and connected with the inner ear by a membranous sac function as 
sense organs for the detection of the direction of movement of the head. 
In conjunction with the eyes they enable a person or an animal to main¬ 
tain its equilibrium or balance. 



290 


COORDINATION Ch, 22 


3. HORMONES 

A hormone is a substance produced in some part of the body and carried 
in the blood or lymph to other parts of the body where its presence causes 
structural or functional changes. Hormones are also called internal secre¬ 
tions, and the glands which produce them glands of internal secretion or 
e7tdociine glands. Since the hormone does not leave the gland by means of 
a duct, the term ductless glands has also been applied to them. This latter 
term is, however, inappropriate since some glands, for example the pancreas, 
produce both an external secretion, which leaves the gland by a duct, and 
an internal secretion, which passes into the blood or lymph. 

A. INSULIN 

Insulin was referred to in discussing carbohydrate metabolism which it 
contiols. This hormone is formed by certain cells in the pancreas. Under¬ 
functioning or nonfunctioning of these cells and the consequent deficiency 

in insulin causes a certain form of the 
disease diabetes, which is characterized 
by the excretion of sugar and the loss of 
glycogen from the liver. The condition 
can be corrected by the injection of in¬ 
sulin into the blood, but the injections 
have to be continued as long as the dia¬ 
betic condition lasts. Overfunctioning 
of the cells leading to an excess of in¬ 
sulin in the blood gives rise to hunger 
and weakness. Insulin as usually pre¬ 
pared is a white powder, which can be 
obtained in a crystalline form. 

e. ADRENALINE 

Two glands, called the adrenal glands, 
perched like cocked hats, one over the 
upper portion of each kidney, secrete a 
hormone called adrenaline (Fig. 22:11)- 
This hormone has been isolated and ob¬ 
tained in a pure crystalline form. It is a relatively simple organic substance, 

C0H13NO3. 

The general effect of adrenaline when passed into the blood from the 



Fig. 22:11 Diagram showing the lo¬ 
cation of the glands of jnternal secre¬ 
tion in the human body. 
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K » . ^ cajied upon to exercise in an cmcrecncv The hpTrt 

b at. „.ore rapidly and n.ore forcefully. The blood vessel! o^d,! .nu c 

more viKorousls”'^^'^ ' '•'ougi the muscles. The lungs expand and contract 
dioxlle ’ "^■■easing the sttpply of oxygen and releasing carbon 

dtoxtde more raptdly front the body. The liver discharges an t,creased 

act to" he muscles are prepared to 

ir greatest capacity. Anger and fear stimulate the glands to pass 
their secretion into the blood. ^ P 


C. THYROXINE 

ate^aVtheT'^ "O'ovtue is situ¬ 

ated at the base of the neck (Fig. 22:11). Its shape and position have been 

compared to "a pair of well-f.lled panniers thrown across the back of a 

e larynx. Thyroxine can now be produced artificially, and the synthetic 
P duct appears to be as efficient as that manufactured in the body It is 

hTn oT ‘^mlily products in containing a large amount of iodine. 

I s mo ecular formula is C,,,H„0,NI,. The chief function of the thyroid 
g and in mammals is believed to be to regulate the metabolism available 

merr’l- internal organs of the body. .Since 

metabolism is necessary for the growth and di/ferentiation of the cells 

eranpment of the thyroid has marked and profound effects on the whole 
organism. Three different conditions may arise. 

First, the thyroid gland may not be supplied with the materials required 
o manufacture its secretion. This occurs in various regions in the world 
Here iodine seems to be lacking. In response to this lack, the gland grows 
iarger. The enlargement of the gland gives rise to a swelling in the neck 
called gmter. This condition may be corrected by adding small quantities 
iodine to the drinking water or table salt. The second condition arises 
«rom a deficiency or in extreme cases entire lack of the secretion, and varies 
ccording to whether this occurs in early life or in later life. If it occurs be- 
ore irth or in infancy the child becomes a crelhi. .Such individuals may 
Hve lor many years but svhen twenty-five or thirty still present a childish 
appearance. In not too severe cases this condition may be corrected by the 
ceding of thyroxine or the fresh thyroids of such an animal as the sheep, 
e ciency of thyroxine in later life gives rise to a condition characterized 
y a blunting of the mental activities and ssvellings under the skin together 
with a decreased metabolic rate. The third condition is due to an excess of 
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thyroxine in the blood. This gives rise to a condition in which there is an 
increased metabolic rate associated with nervousness and a pronounced 
protrusion of the eyes. 


E. HORMONES PRODUCED BY THE PITUITARY GLAND 

In man the pituitary gland is small, and is about the size and shape of 
a pea, situated almost exactly in the center of the head. It is suspended 
from the under side of the brain by a stalk and lies in a recess in one of 
the bones forming the floor of the cranium. Because of the control which 
it exerts over the other glands of internal secretion it has been called the 
“master gland.” The pituitary gland produces a number of different hor¬ 
mones. In the main they are of two kinds. One kind control the growth 
of the body as a whole or the growth of other glands, the other kind con¬ 
trol metabolic processes. To the first kind belong the growth-stimulating 
hormone, the gonad-stimulating hormone, the thyroid-stimulating hor¬ 
mone, and the adrenal-stimulating hormone. The growth-stimulating hor¬ 
mone when produced in more than normal amounts causes the individual 
to become a giant, and when produced in less than normal amounts causes 
the individual to become a dwarf. The gonad-stimulating hormone regu¬ 
lates the growth of the ovaries in the female and the testes in the male. It 
will be referred to later in the chapter on reproduction. The thyroid- 
stimulating and the adrenal-stimulating hormones regulate the growth of 
these glands. In excess they cause overactivity of the glands and an excess of 
the secretions, with corresponding effects on the organism. Their deficiency 
causes underactivity of the glands with corresponding effects. To the second 
kind of hormones produced by the pituitary belongs the milk-producing 
hormone, which promotes the growth of the milk glands during the latter 
part of childbearing and the secretion of milk by the glands immediately 
after the child is born. 

Other glands which produce important hormones are the parathyroid 
glands, and glands in the wall of the intestine. Space does not permit con¬ 
sideration of these glands. The hormones produced by the reproductive 
organs and the functions of these hormones are referred to in the chapter 
on reproduction. 



CHAPTER 23 


Reproduction 


1. THE AULE REPRODUCTIVE ORGANS 

The human lestes are two small bodies of about the size and shape of a 
pigeon’s egg. They are contained in a sac. the scrotum, which hangs from 
the lower anterior wall of the abdomen (Fig. 2.S: I). The two sei>arate cavi¬ 
ties in the scrotum which the testes come to fill are parts of the coelom and 
are continuous, in the embryo and in the adult, with the peritoneal cavity 
through two short, narroiv canals. The testes undergo their early dcselop- 
ment in the abdominal cavity and are connected with the embryonic kidney. 
A short time before birth, or sometimes after birth, each testis descends into 

the scrotal sac, carrying with it the portion of the embryonic kidney with 
which it has become involved. 

The descent of the testes into the scrotal cavities seems to be related to 
the temperature required for the normal development of sperms. In the 
scrotum the testes are at a somewhat lower temperature than the rest of 
the body. Sperms will not mature at normal body temperature and if the 
testes remain in the abdominal cavity the individual is sterile. 

The human testis consists of numerous coiled sperm-forming tubules. 
The portion of the embryonic kidney which moves into the scrotal sac 
with the testis is converted into the epididymis, which consists of niimer- 
ous fine tubules connected with the sperm-forming tubules in the testis. 
The tubules of the epididymis join to form a single long fine tube which 
IS more than twenty feet in length and which is coiled against the side and 
one end of the testis so as to appear as little more than a bulge on the latter 
(Fig. 23:1). The walls of the tubules of the epididymis secrete a fluid which 
nourishes the sperms and keeps them alive. The end of the tube of the 
epididymis is continuous with the sperm duct. Together with the nerves 
bipod vessels to the tpstis and a pertain amount of supporting tissue, 
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the sperm duct forms a cord which passes from the cavity of the scrotum into 
the abdominal cavity. 

After entering the abdominal cavity each sperm duct curves round on 
the side wall of the pelvic cavity and passes behind the urinary bladder 
where it receives the opening of a glandular structure called a seminal 
vesicle. The two seminal vesicles arc closely applied to the corresponding 
ducts and He between the rectum and the bladder. Beyond the seminal 


Bladder 



Fig. 23:1 The human male reproductive system. A diagrammatic sagittal section. 
By permission from The Science of Health and Disease a Textbook of Physiology and Hygiene 
by Howard W. Haggard. Copyright 1927 by Harper & Brothers. 

\csicles the sperm ducts become the ejaculatory ducts. These are slender 
muscular tubes about one inch in length which pass through a gland, the 
prostate, to open into the urethra. The secretion of the prostate gland 
passes by numerous small ducts into the upper portion of the urethra. 
The urethra passes through the penis to open at its tip. The secretions of 
the prostate glands, the seminal vesicles, and the epididymis form the 
seminal fluid in which the sperms are carried. The seminal fluid is forced 
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out of the urethra mainly through the contraction of .nuscles in the walls 
of the ejaculatory duct and the prostate gland. The penis through wh 

winch open blood vessels. Upon the stimulation of certain nerves blood 
nows into the spaces in the spongy tissue which then becomes enlargecl^ 
ard and straightened at an angle to the body. This condition of the penis 
IS known as erection and is necessary for copulation. ^ 


2. THE FEMALE REPRODUCTIVE ORGANS 

The human ovaries lie in the lower part of the abdominal cavity, one on 
each side against the wall, to which they are attached by a membranous 



le human female reproductive system. A diagrammatic sagittal sccdon. 
from The Science oj Health and Disease a Textbook oj Physiology and Hygiene 
Haggard. Copyright 1927 by Harper & Brothers. 

:2). Each of them is about the si/e and shape of a large al- 
paired oviducts open into the abdominal cavity near the 
Ovanes, the openings having the form of funnels with irregularly fringed 


23:2 T 
permission 
by Howard W. 

fold (Fig. 23 
mond. The 
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margins which can enclose the ovaries. At their other ends the oviducts 
comnuinicaie with the single unpaired uterus. This is a hollow, thick-walled 
muscular sac between the rectum and the urinary bladder. In shape and size 
the uterus is not unlike a closed hand, but is somewhat smaller. The broad 
end projects upward into the abdominal cavity and receives the oviducts. 
The lower end is constricted and projects into the i>agiria. This latter is a 
slightly curved muscular tube about three inches in length. The rounded 
projection of the uterus into the vagina is called the cenfix of the uterus. 
In the young the external opening of the vagina is partly closed by a 
membrane called the hymen. The vagina opens just posterior to the open¬ 
ing of the urethra and the two openings lie in a depression called the vesti¬ 
bule, surrounded by two folds of skin called the inner and outer lips. 

In a child the ovary contains thousands of potential eggs, but only three 
or four hundred of these ever reach maturity. Usually beginning at about 
the fourteenth year, the eggs mature one at a time at intervals of about 
twenty-eight days. When mature the egg is contained in an ox/arian follicle 
which when fully grown is about the size of a small cherry and bulges from 
the surface of the ovary. The follicle contains a large amount of liquid, 
and on one side, in a thickening of its wall is the minute oxnim or egg cell, 
which is about 0.2 millimeter in diameter. On reaching maturity the fol¬ 
licle ruptures and its contents, including the ovum, are extruded into the 
body cavity in the vicinity of the opening of the oviduct. The liberation of 
the egg from the ovary is called ovulation. 


3. PUBERTY 

It IS usually difficult or impossible to tell whether a newborn baby is a 
boy or a girl from its general bodily characteristics: only in the sexual 
organs do the sexes differ at this age. As development proceeds differences 
begin to be noticed until finally rather suddenly the girl begins to take on 
the form of a woman, and the boy that of a man. In the girl the hips be¬ 
come broad, the breasts prominent, the general contour of the body 
rounded, and the voice remains high pitched. The boy becomes broad 
shouldered, his muscles develop, the contour of his body becomes angular, 
his voice changes to a lower pitch, and he grows a beard. With these struc¬ 
tural changes come the changes in temperament and interests which are 
associated with womanhood and manhood. 

These profound changes in body and mind have been shown to be due to 
the internal secretions of certain of the ductless glands. As already men¬ 
tioned in the chapter on endocrines, general growth of the body is stimu¬ 
lated by the growth-stimulating hormone of the pituitary j^Iand. TbP 
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growth and development of the reproductive organs has been shown to be 
stimulated by the gonad-stimulating hormone, also a secretion of the pi¬ 
tuitary gland. In the girl from early childhood on, follicles have been 
forming round the egg cells in the ovaries. These first follicles do not ma- 
ture. but after a certain development regress and are absorbed with the 
eggs which they contain. However, during this partial development, the 
ovarian follicles form a female hormone which, passing into the blood, pro¬ 
motes the gi-adual development of the characteristics which distinguish 
her. Similarly, the boy. in response to the gonad-stimulating hormone se¬ 
creted in his pituitary gland, begins to produce in the cells of his testes 
which ocaipy the spaces between tlic seminiferous tubules a male hormone 

which sumulates and regulates the development of the characters that 
distinguish his sex. 

Beginning on the average during the fourteenth year and recurring on 
the average every twenty-eight days, there occurs in girls and women a flow 
of blood from the vagina called menstruation. The flow of blood usually 
lasts about three days. Menstruation continues up to the forty-eighth year 
on the average, when its cessation marks the menopause or change of life. 
However, the ages at which menstruation begins and ends, its regularity, the 
interval between the periods of bleeding, and the amount of blood vary with 
the individual, climate, race, and other factors. During the period of twenty- 
eight days extending from the beginning of one menstrual period to the 
beginning of the next, the reproductive organs go through a scries of changes 
which constitute the menstrual cycle. The blood which gives rise to men¬ 
struation comes from the blood vessels of the mucous lining of the uterus, 
the inner layer of which disintegrates at this time. 


4. OVULATION AND FERTILIZATION 

Ovulation, or the liberation of the egg from the ovary, occurs midway be¬ 
tween menstrual periods, and we may divide the menstrual cycle into three 
pans: a menstrual period, a preovulatory period, and a postovulatory 
period. We shall begin our description with the preovulatory period. Dur¬ 
ing this period the mucous lining of the uterus, which became disintegrated 
during menstruation, is regenerated. During the days immediately preced¬ 
ing ovulation the secretion of the female hormone by the follicle cells of 
the ovary is especially active and this stimulates growth and enlargement 
of the uterus. This stimulation of the uterus to growth and enlargement is 
continued into the postovulatory period owing to the large amount of the 
female hormone contained in the fluid which is liberated when the follicle 
bursts at the time of ovulation. The postovulatory period is characterized 



^98 reproduction Ch. 23 

by changes in the follicle from which the egg was discharged. This follicle 
becomes transformed into a mass of yellow tissue which forms a hormone. 
This hormone, which is called progestin, acts on the mucous lining of the 
uterus, but affects especially the inner layer of its mucous lining, causing 
it to swell and become highly vascular. Thus the uterus is prepared for the 
which passes down the oviduct and arrives there about four days after 
ovulation. If, as most frequently occurs, the egg should not be fertilized, 
it passes through the uterus and is discharged. Some time after this occurs, 
the inner lining of the uterus, failing to have received the egg, disintegrates, 
and the bleeding occurs, marking the end of the postovulatory period and 
the beginning of menstruation. 

Copulation in mammals consists of the insertion of the penis into the 
vagina, and the injection into it of a quantity of seminal fluid. Human 
spermatozoa are minute threadlike bodies about 0.05 of a millimeter in 
length and enlarged at one end into a head which is almost entirely nucleus. 
Feitilizaiion normally occurs in the oviducts. Although the spermatozoa are 
actively motile it seems unlikely that they make their way to the egg under 
their own power. Recent investigations on animals seem to indicate that 
the semen is moved forward largely by contractions in the walls of the ovi¬ 
ducts. A distinction is made between copulation, which refers to the union 
of the male and female; insemination, which means the introduction of 
sperms from one individual (male) into another individual (female); and 
fertilization, which in\olves the union of egg and sperm. 


5. A GENERAL ACCOUNT OF THE DEVELOPMENT OF THE EM¬ 
BRYO AND FOETUS 

If the egg is fertilized the menstrual cycle is interrupted and pregnancy 
intervenes. The fertilized egg begins to divide while still in the oviduct. 
By the time it reaches the uterus it has increased somewhat in size and con¬ 
sists of a single layer of cells forming a fluid-filled vesicle containing a small 
mass of cells attached to it on the inside. The developing egg secretes an 
enzyme which digests the cells of the mucous lining of the uterus with 
which it comes in contact and literally eats itself into the uterine wall. The 
irritation of the mucous membrane caused by the entrance of the ovum 
stimulates the uterus to further growth and leads to the formation of the 
placenta. 

The placenta begins to develop immediately. This structure, which es¬ 
tablishes the connection between the mother and child and furnishes the 
means of transfer of food materials and waste products, is formed partly 
from tissue developed from the egg and partly from the wall of the uterus. 
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The two tissues become closely applied to each other but there is never anv 
con mutty between the blood vessels of the mother and the bloor^es's 
f embryo which develops its own blood and blood cells. I here is also 
never any nersous connection between the two organisms. The transfer of 
ood substances and waste products and the exchange of gases occur by 
diffusion through the walls of the blood sessels. This state of affairs il 
of en a fortunate one for the developing child since the germs of nearly all 
infectious diseases are unable to pass from the mother to the child. ^ 


Placenta 


Woll of 
uterus 


Amniotic 

cavity 



Maternal arteries 
and veins Mi^ 
of the uterus 

Vagina 


Foetal arteries 
and veins in the 
umbilical cord 


Amniotic 

cavity 


Foetus 


A pregnant uterus containing an advanced foetus attached to the placenta 
y ne umbilical cord. By permission from G^nfra/ Zoology by Tracy I. Storer First 
Edition. Copyright 1943 by the McGraw-Hill Book Company. Inc. 


The embryo develops from the mass of cells inside the developing egg. 
t »es in a fluid-filled cavity called the amniotic cavity surrounded by the 
P acenta with which it is connected only by a long, usually coiled cord, the 
umbilical cord (Fig. 23:3). In this cord, which is developed from the egg, 
are the two arteries and the vein which pass from the embryo to that por¬ 
tion of the placenta which is also developed from the egg. During the first 
SIX weeks of its prenatal life, the new individual is called an embryo. From 
t *at time until birth it is called a foetus. 

With the process of pregnancy many changes occur in the mother, most 
* not all of which are initiated and controlled by internal secretions, the 
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exact nature and source of which are, however, unknown. Ovulation and 
menstruation cease immediately and are not resumed until after the child 
is born. The breasts become enlarged in preparation for the secretion of 
milk. Sudden cessation of menstruation is usually considered a sign of 
pregnancy. A more reliable test has been recently developed. It has been 
found that the urine of pregnant women contains large quantities of the 
gonad-stimulating hormone of the anterior pituitary. Injection of this into 
a mature female rabbit causes ovulation, and it is only necessary to etherize 
and surgically examine the animal’s ovaries to determine whether the urine 
injected was that of a pregnant or nonpregnant woman. 

At the end of pregnancy the foetus lies in a fluid-filled cavity bounded by 
the placenta. Childbirth usually occurs about nine months after the fer¬ 
tilization of the ovum. Its onset is characterized by contractions of the 
smooth muscles of the uterus. These contractions give rise to the pains of 
labor, which last until the child is born. The muscles of the uterus arc 
said to be stimulated to contract by a hormone produced by the pituitary 
gland. These contractions gradually increase in strength, and after several 
hours the child is forced into and through the birth canal. The birth canal 
is in reality the vagina distended to coincide with the opening of the 
pelvis, which has already been referred to in considering the skeleton. In 
most cases when the child is born the placenta is left in place in the uterus 
and the umbilical cord becoming uncoiled extends from the placenta to the 
newborn child. WTile the umbilical cord is intact and the placenta in 
place the child continues to depend on its mother for its respiration. To 
free the child from its mother, the umbilical cord is first tied to prevent 
Ae child from bleeding to death and then cut on the side toward the 
mother. \Vhen the child is born its lungs are completely collapsed. AVhen 
the umbilical cord is tied and the child is no longer able to depend on its 
mother to give it oxygen and take away carbon dioxide, the carbon dioxide 
accumulates in its blood. This stimulates its respiratory center in its brain 
and the inspiratory muscles of its chest and diaphragm contract, filling its 
lungs with air. Soon after the child is born the placenta is expelled from 
the uterus as the afterbirth. Its separation from the wall of the uterus 
occurs in the vascular portion of the maternal mucous membrane, and the 
mother is prevented from bleeding to death by the continued contractions 
of the uterine muscles. At the time of childbirth the mother and the child 
must immediately adjust themselves to greatly changed conditions; the 
mother to the passage of the child from her body and the sudden lifting 
of the burden of providing for the infant’s nourishment and excretion: the 
child to the passing from a truly parasitic and aquatic life in a liquid 
medium to a relatively independent life in the air. 
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CHAPTER 24 

The Development of the Individual 


1. THE TWO TYPES OF REPRODUCTION 


Two fundamental types of reprodur.ion occur in most living things. In 
reproduction, a part of the parent (in this case there is only one 
parent) .s separated and grows into a new individual. In sr.ual reproduc- 
lon there is a fusion of two gametes, an egg and a sperm, which usually 
me from different parents, and the new individual that develops from 
tne ertih/ed egg contains materials from both parents. Thus in sexual re¬ 
production the new individual is ••new" in the sense that it usually con¬ 
tains new potentialities derived from the mixture of materials from the 
two parents. The study of development or embryology concerns itself with 
he development of the fertilized egg, the product of sexual reproduction 
ihe processes which lead up to and prepare the egg and sperm to unite 
in lertihzation will be described in a later chapter. AVe will pass at this time 
to a consideration of the mature gametes. 


2. THE SPERMATOZOON AND THE OVUM 

The spermatozoa of animals differ in size and details of structure, but 
nearly all agree in possessing a head, which is composed almost entirely of 
nuclear matter, a long llagcllum called the Inil, and connecting these two 
a middle piece which contains the centrosome of the cell (Fig. 21:1). In 
all animals the sperm retiuires a liquid medium for its existence and for 
us union with the egg. Fertilization must therefore always occur in the water 
as in aquatic forms or in specially constructed capsules (earthworm), or 
wirtin the body of the female (insects, vertebrates, and most land animals), 
he mature egg is usually a more or less s])hcrical cell surrounded by a 
i-esistant noncelliilar covering. However, the eggs of animals differ greatly in 
sue and structure and surrounding membranes, the differences consisting 
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chiefly of adaptations to different methods of development. Food material 
in the form of yolk is stored in the cytoplasm of the egg for the use of the 
embryo during its development, and the amount of this yolk to a great 
extent determines the size of the egg. In those animals in which the embryo 
reaches at an early stage a condition in which it is able to procure its own 
food (most invertebrates), or in which food is provided for it by the mother 

(placental mammals), the egg 
Cytoplasm contains little yolk and is rela¬ 

tively small. When, on the other 
hand, as is conspicuously the 
case in reptiles and birds, the 
embryo develops to an advanced 
stage while still in the eggshell, 
a great amount of yolk is stored 
and the egg is large. Thus all 
sizes of egg cells occur from the 
minute microscopic ova of hydra 

or man to the relatively cnor- 

Fig. 24:1 A human egg cell and sperm cell .-ell represented by the 

drawn to the same scale. The actual diameter 


Nucleus 


Nucleolus 




Sperm 


granules 


EGG 


of the human egg is approximately 0.2 mm. 


“yolk” of the "egg” of an ostrich. 
Additional food material may be 
placed about the egg cell as it passes down the oviduct as in the case of the 
jelly which covers the frog's egg or the albumen of the hen’s "egg.” Eggs 
which are laid on land and undergo their development there are usually 
provided with shells, which protect them from mechanical injury and from 
loss of moisture. Such shells may be formed of chitin as in insect eggs, of 
horny material as in reptile eggs, or of calcareous material as in the eggs 
of birds. 

The egg contributes to the zygote a set of chromosomes, the vitelline 
membrane, cytoplasm, and yolk. The sperm contributes a similar set of 
chromosomes and the centrosome. 


3. THE EARLY DEVELOPMENT OF THE STARFISH 

The early cell divisions of the fertilized egg, called cleavage, depend to 
a considerable extent on the amount of yolk and the location of the nucleus 
with reference to the yolk in the e^. The division of the cells is. of course, 
always preceded by the mitotic division of the nuclei. We will begin the 
study of embryolog)' with the egg of the starfish (Fig. 24:2), since it has a 
comparatively small amount of yolk and undergoes in its early stages what 
is believed to be a relatively simple development. 
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two 1 "SS divides by cell division into 

equal hemispherical cells, giving rise to a two-cetled stage. At the second 

deavage each ot these cells divides, giving rise to a fouLued .d i i e 

plane of division being at right angles to the first. The first two plan;s of 

vision may be said to be meridional with reference to the spherical egg 

nd us poles. The third cleavage is in an equatorial plane at right angles tf 

vhich" elr T I" ‘I'e fourth cleasage. 

vhich leads to the stxteea-cctled stage, the planes of cleavage are again 

meridional. Cell division proceeds with more or less regularity until tLre 




Eigh^celled stage 



Fig. 24:2 The early development of the starfish. 

results a ball of cells surrounding a cavity. This stage is called a hlastula 
and the cavity which it contains a bla^locoel. The resemblance of the 
lastula stage of the starfish egg to a Volvox colony should be noted. 

Although the cells of the blastula form an almost perfect sphere and 
are nearly all equal in size, the cells at one pole, called the animal pole, 
are somewhat smaller than the cells at the other pole, the vegetal pole. As 
cell division continues the vegetal pole becomes flattened and eventually 
invaginated into the blastocoel, much as one might push in one side of a 
soft, hollow, rubber ball. The blastula then becomes a gastrula. The in¬ 
vaginated cells become the endoderm and surround a new cavity, the c/i- 
which opens to the exterior at the region of invagination by an open¬ 
ing called the blastopore. The outer cells from the ectoderm, which at this 
stage is ciliated. Thus in the gastrula the cells are differentiated into two 
embryonic layers, or germ layers, called respectively ectoderm and endo- 
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derm. In many respects the gastrula stage of the starfish has the character¬ 
istics of a simplihcd coelenicrate. Indeed if we imagine hydra devoid of its 
tentacles and contracted, as it sometimes is, into a small sphere, it would 
closely resemble a gastrula. It should be noted that the cells of the hydra 
show a much greater structural differentiation than those of the gastrula 
and are in fact fully differentiated cells, while the cells of the gastrula are 
embryonic cells which have yet to undergo differentiation and specialization. 

As the development proceeds, from the inner end of the enteron two 
pouches grow out into the blastocoel. Later these pouches become sepa¬ 
rated from the enteron and their cavities become a part of the coelom of 
the starfish. From the cells surrounding the coelom a third germ layer, the 
mesoderm, is formed. During this development the blastopore becomes the 
anus and the mouth is developed as a new opening between the enteron 
and the exterior. The gastrula develops into a larva which swims about and 
later settles to the bottom and changes into a starfish. 

4. THE DEVELOPMENT OF THE CHICK 

The egg cell of the hen includes all of that portion which we commonly 
call the yolk. At the time of laying, if the egg has been fertilized, devciojv 
ment has usually proceeded to a stage corresponding approximately to that 
of a blastula. The yolk of the hen’s egg is formed in the ovary of the hen 
and reaches its full size there. \Vhen it leaves the ovary and until it is 
fertilized it is a single cell. It does not increase in size after it leaves the 
ovary of the hen. During its passage down the oviduct of the hen the albu¬ 
men is deposited around the yolk and the shell is fonned. At the more 
rounded end of the egg there is an air space between the shell and the 
yolk which helps in respiration during the later development (Fig. 24:3). 

On account of the relatively large amount of yolk in the egg of the hen, 
cleavage is restricted to a small part of the egg at one pole which contains 
most of the cytoplasm, and the rest of the yolk is not divided into cells. 
Cleavage leads to the formation of a disclike layer of cells called the blasto¬ 
derm, separated from the underlying yolk by a shallow cavity, the blasto¬ 
coel. 

An actual invagination, as occurs in the starfish, does not occur. The 
endoderm is formed by an ingrowth of cells at one end of the blastoderm 
into the blastocoel. During the early development the enteron is not en¬ 
closed but consists of a cavity overlying a portion of the yolk and bounded 
above by the endoderm. A third layer, the mesoderm, later appears be¬ 
tween the ectoderm and the endoderm. As development proceeds the three 
layers, ectoderm, mesoderm, and endoderm, gradualy grow out and extend 



Art. 4 THE DEVELOPMENT OF THE CHICK 

the blastoderm over the yolk. The coelom is formed as a casity in the 

esodam 1 he actual embryo becomes separate.! olf as an elongatLl thick- 
ening in the center of the blastoderm. ^ 

During their development the embryos of the starf.sh and all truly 

aquatic animals are in water, buoyed up and kept moist by it. I he eggs of 
birds, on the other hand, 


are laid on land in hard 
shells. The hard shell makes 
possible the storage of large 
quantities of food and pro¬ 
vides protection for the del¬ 
icate embryo. Within this 
shell an aquatic environ¬ 
ment is created for the em¬ 
bryo and means are fur¬ 



nished for the absorption 
of the food materials and 
the giving off of waste by 
the formation of extyacm- 
bryonic tnembranes, which 
are outgrowths of the germ 
layers of the blastoderm. 
Three such membranes are 
formed. They are tlie am¬ 
nion, allantois, and yolk 
sac (Fig. 23:3). 

The amnion is developed 
from ectoderm and meso¬ 
derm and glows upward 
and over, enclosing the em¬ 
bryo in a cavity, the am- 
^iotic cavity, filled with a 
Watery fluid, the amniotic 



Fig, 24:3 Development of the hen’s egg. Above, dia¬ 
gram of a longitudinal section of a hen’s egg at the 
time of laying. Below, diagram of a longitudinal sec¬ 
tion of a hen’s egg after five days’ incubation, show¬ 
ing the extraembryonic membranes. Redrawn, by per¬ 
mission from Vertebrate Embryology^ a Text-Book for Stu¬ 
dents and Practitioners by A. Milnes Marshall. Copyright 
1893 by G. P. Putnam’s Sons. 


fluid. It is the formation of this membrane which provides the aquatic en¬ 
vironment referred to above in which the embryo floats and undergoes its 
development free to take on its characteristic form. 

The yolk sac is formed from mesoderm and endoderm and grows down¬ 
ward over the yolk. This membrane becomes plentifully supplied with 
blood vessels and the nutriment absorbed by the endoderm as it grows out 
over the yolk is carried in these blood vessels to the embryo. The yolk sac 
IS continuous with the enteron of the embryo, with which it connects on 



308 THE DEVELOPMENT OF THE INDIVIDUAL Ch. 24 

the under side. The yolk is absorbed by the embryo through the endoderm 
of the yolk sac. 

Somewhat later in the development a third membrane called the allantois 
appears. It is an outpocketing of the hind gut of the embryo, and like the 
yolk sac is formed of the mesoderm and the endoderm. It grows out from 
the embryo and spreads over the yolk sac and the amnion. At the same 
time it becomes highly vascular by the development of numerous fine blood 
vessels connected with the blood system of the embryo. Its position and 
structure make it well adapted to carry on the function of respiration, 
oxygen passing through the porous shell to the blood vessels and carbon 
dioxide passing in the reverse direction. The allantois also functions in 
the absorption of albumen, and its cavity, the allantoic cavity, acts as a 
reservoir for the excretions of the excretory organs until the time of hatch¬ 
ing. 


5. THE DEVELOPMENT OF AAAMA\ALS 

In the chapter on reproduction reference has already been made to some 
of the general features of mammalian development. Having now studied the 


Nucleus 



Fig. 24:4 Early development of the rabbit’s egg. A, a fully formed egg just after its 
discharge from the ovary; B, an egg from the middle of the length of the oviduct, about 
twenty-two hours after copulation, showing division of the fertilized egg cell into two 
cells. After Bischoff, by permission from Vertebrate Embryology, a Text-Book for Students 
and Practitioners by A. Milnes Marshall. Copyright 1893 by G. P. Putnam’s Sons. 


development of the starfish and chick we are prepared to go into the sub¬ 
ject in somewhat more detail. 

The eggs of the living egg-laying mammals are relatively large (that of 
the duckbill is three-quarters of an inch in length), are covered with shells, 
and are laid on the ground. They contain a relatively large amount of yolk 
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and undergo a development in tvhieh there is a partial cleavage of the eee 
cell and a development of extraembryonic n.embranes similar to what 
occurs in the cluck. In placental n.atmnals the eggs are small (that of man 
IS but 0.2 null,meter ,n diameter) and contain a relatively small amount 
ot >olk. Such eggs undergo a total and ccjual cleavage. 

The early development of the rabbifs egg may serve as an example of 

e process in mammals. Upon its discharge from the ovary the rabliit's e<n» 
contains a relatively large nucleus ami is surrounded by a clear, noncellular 
membrane (Fig. 2T:T A). The sperm enters the egg and fertilisation takes 
place in the upper part of the oviduct. Cleavage occurs while the egg is in 
the oviduct, the first division dividing the egg into two practically equal 



development of the rabbit's egg. A, an egg from the lower end of the 
ovtauct, about the middle of the third day, consisting of a spherical mass of cells. B, an 
egg seventy-five hours after copulation taken from the uterus, and showing the inner 
cu ma^. After Bischoff, by permission from VerlebraU Embryology, a Text-Book for Stu- 
fients and Practitioners by A. Milnes Nfarshall. Copyright 1893 by G. P. Putnam’s Sons. 

halves (Fig. 24:4 B). Succeeding divisions lead to the formation of a 
spherical mass of cells, practically equal in size (Fig. 24:5 A). After further 
cell divisions the mass of cells becomes divided into an outer cell layer and 
an inner cell mass (Fig. 24:5 B). The formation of an outer cell layer seems 
to be a special provision for the implantation of the egg in the wall of the 
uterus. From the inner cell mass the embryo and the extraembryonic mem- 
hranes, the amnion, allantois, and yolk sac, develop (Fig. 24:6). The 
amnion arises at a very early stage and the embryo is soon surrounded by 
an amniotic cavity in which it remains during the remainder of its intra¬ 
uterine life. The yolk sac arises also at an early stage, but as only a rela¬ 
tively small amount of yolk is present, remains small and soon ceases to 
take any active part in the nutrition of the embryo. The allantois early 
grows out towards the outer cell layer. From the outer cell layer and the 
mesoderm which comes to underlie it is developed a structure which be- 
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comes intimately associated with the wall of the uterus by the growth of 
numerous branching processes or villi (Fig. 24:6). 

The placevta consists of an embryonic and a maternal portion. The em¬ 
bryonic portion is formed from the outer cell layer and mesoderm of the 

embryo, the maternal por¬ 
tion from the uterine wall 
in the region of implanta¬ 
tion. Blood vessels grow out 
from the embryo to villi 
in the embryonic portion of 
the placenta (Fig. 24:7). 

The different systems and 
organs gradually take form 
from layers and masses of 
cells and at the same time 
the individual cells become 
differentiated. The nervous 
system is formed from the 
ectoderm on the dorsal sur¬ 
face of the embryo. First a 
longitudinal groove appears. Then ridges at the sides of this groove fold 
over to form a tuIie from which the brain and spinal cord develop. The 
nerves to the various parts of the body grow out from the central nervous 
system. The digestive tube develops by a process of folding on the under 
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Fig. 24:6 A diagrammatic longitudinal section of 
a very young human embryo after implantation sur¬ 
rounded by the amnion and chorion, the maternal 
tissue of the uteru.s being omitted. The mesoderm of 
the embryonic tissues is stippled. 
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Fig. 24:7 On the left, a diagrammatic section of a human uterus in an early stage of 
pregnancy. On the right, a portion of the placenta, magnified to show the relation 
between the embryonic and maternal blood vascular systems. 
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side of the en.bryo, and the digestive glands as outpocketings from it 

he cells Iming the digestive tube and the gland cells develop from the 

endoderm. The notochord develops from a strand of tissue between the 

nerve tube and the digestive tube, but in the higher vertebrates is largely 

replaced by the vertebral column. The skeleton, including the verteLl 

column and the muscular system develop from the mesoderm which grows 

out to form the body wall. Also developed from the mesoderm are the 

various types of connective tissue and the blood vascular system, inchul- 
ing the heart. 

Some ol the organ systems begin to function at an early stage in the 

embryo. Thus the heart begins to beat not long after it first appears. The 

respiratory, digestive, and excretory organs have little to do until the child 

IS born, since the substances involved in these processes pass into and out of 

the blood of the embryo in the placenta—oxygen and nutrient substances 

eing obtained from, and carbon dioxide and excretory products passed 
into, the blood of tlie mother. 

The course of development of the human embryo and foetus up to the 
time of birth has been briefly considered in Chapter 23. "Reproduction." 


CHAPTER 25 

Heredity 


The study of heredity is concerned particularly with individuals which are 
produced by sexual reproduction, since only by this process are individuals 
produced that arc potentially different from each other and from the 
individuals from which they arise. The differences between offspring and 
between offspring and parents can be traced to the methods by which the 
gametes are formed and by which they unite to form zygotes. These proc¬ 
esses constitute the physical basis of heredity. 


1. THE PHYSICAL BASIS OF HEREDITY 

\Vhen considering the alternation of generations in plants, the formation 
of the gametes and their union in fertilization was briefly described. The 
formation of the gametes will now be discussed in more detail. While ref¬ 
erence is made particularly to animals, it should be remembered that the 
processes arc essentially similar in plants and animals. 


A. A GENERAL ACCOUNT OF THE GERM-CELL CYCLE 

In most animals the cells which are destined to give rise to the gametes 
and are hence called germ cells are easily distinguished at a comparatively 
early stage in development from the cells which form the various tissues 
and oigans of the rest of the body and are therefore called somatic cells- 
Such a separation and setting apart of the germ cells does not appear to 
exist in plants. 

During the development of the individual the cells which give rise to the 
germ cells multiply by division. When the reproductive organs develop, 
these cells become included in the testis or ovary. After the complete differ¬ 
entiation of the reproductive organs the germ cells enter into a period of 
(luiescence until the animal nears sexual maturity. With the approach of 
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sexual maturity gamete formation begins. This process diflers to such an 
extent in the two sexes that separate descriptions are necessary. 

(1) THE FORA^ATION OF THE SPERMATOZOA 

The entire process of sperm formation (Fig. 25:1) occurs in the tubules 
of the testes. The sperm-forming cells lie in the walls of the sperm-forming 
tubules, and the spermatozoa undergo their development there. As the 
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25:1 Diagram showing the processes of sperm formation and egg formation in 
animal. The male and the female germ cells divide repeatedly to form primary 
spermatocytes and primary oocytes respectively. Mciosis occurs when primary sper- 
tnatocytes form spermatids and primary odeytes form mature eggs. The haploid number 
of chromosomes is assumed to be three. The diploid cells therefore each contain three 
nomologous pairs of chromosomes. Homologous chromosomes are shown as of the same 
tength. Homologous chromosomes, from different parents, are distinguished by different 
methods of shading. By permission from Foundations of Biology by Lorandc Loss Woodruff. 
Sixth Edition. Copyright 1941 by The Macmillan Company. 
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animal approaches sexual maturity the sperm-forming cells rapidly in¬ 
crease in number by cell division. During the period of sexual maturity the 
manufacture of spermatozoa goes on continually. This begins when some 
of the sperm-forming cells increase slightly in size and become primary 
spermatocytes. This change involves certain important nuclear changes 
which will be referred to later in this chapter. Each primary spermatocyte 
divides by a division which is called the first maturation division to form 
two secondary spermatocytes. Each of the two secondary spermatocytes 
divides by a second maturation division into spermatids. Each of the sperma¬ 
tids becomes differentiated into a spermatozoon. Thus a single primary 
spermatocyte gives rise by two successive cell divisions to four spermatozoa. 

(2) THE FORMATION OF MATURE EGGS 

The egg-forming cells multiply in the ovary during the growth of the 
embryo, but in most animals there is a quiescent stage extending from 
birth to sexual maturity during which time there is little or no division of 
these cells. With the beginning of sexual maturity the egg-forming cells 
become surrounded by one or more layers of cells which form ovarian 
follicles. The maturation of the eggs begins in the ovarian follicles, usually 
only one egg maturing at a time. The egg-forming cell, now called a primary 
oocyte, gradually grows to be many times its original size (Fig. 25:1). It is 
during this growth period that the yolk is deposited in the cytoplasm and 
that the approximate size (but not the nuclear condition) of the mature 
egg is reached. Thus the primary oocytes may reach a diameter of two- 
tenths of a millimeter in a human ovary, two and one-half centimeters in 
the ovary of the hen, and about ten centimeters in that of an ostrich. 

The division of the primary oocyte, the first maturation division, leads to 
the formation of two secondary oocytes of very unequal size. One, called 
the first polar body, is exceedingly minute in comparison to the other, 
which retains all the yolk and is practically equal in size to the primary 
oocyte. This is followed by a division of the larger secondary oocyte in a 
second maturation division, which is also very unequal and leads to the 
formation of the mature egg and a minute second polar body. The polar 
bodies are usually so small in comparison to the mature egg that there is 
practically no reduction in size of the primary oocyte. Rarely the first polar 
body divides, forming two polar bodies. In this case the mature egg and 
the three last-formed polar bodies (which may be considered to be non¬ 
functional eggs) correspond to the four spermatids found in sperm forma¬ 
tion. However, while in this latter case all four spermatids become func¬ 
tional spermatozoa, in the case of egg formation only the mature egg, 
which receives all of the stored food materials, becomes functional. The 
polar bodies remain for a time attached to the mature egg, but ultimately 
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degenerate. In many animals, perhaps in most animals, one or both of the 
two maturation divisions occur after the oocyte has left the ovary. 

(3) THE NUCLEAR CHANGES IN THE GERM-CELL CYCLE 

altL'm/o^ or'"""'"""' nuclear changes in the 

alternation of generations in higher plants (Chapter 8) the gaLtophyte 

porophyte nude, to have the diploid number. It was also found that the 

ction from the diploid number to the haploid number of chromosomes 
ccurred during the divisions of the spore mother cell to form the spores 
n a process called meiosis. In animals ,neiosis occurs during the forma¬ 
tion of the gametes, when the primary spermatocytes and primary oocytes 
undergo the divi^ons which lead to the formation of the" permLL Ind 
matin c egg. For the description of the nuclear changes in an animal 
we shall assume the haploid number of chromosomes to be three and that 
therefore each of the diploid nuclei contains three pairs of homologous 
chromosmn«. The nuclei of all normal somatic cells of this animal will be 
iploid. This will also be the case with the germ cells up to and including the 
primary spermatocytes ami oocytes. Also the chromosomes of the homolo¬ 
gous pairs will have come one from the male parent and the other from the 
teniale parent of the individual under consideration (Fig. 25:1) . 

During the growth periods of the primary spermatocytes and primary 
oocytes a process called synapsis occurs in which the chromosomes of the 
homologous pairs become united side by side along their entire lengths It 
will be remembered that in plants the form which the two nuclear divisions 
in meiosts take has been found to differ in different species. This is also 
the case in animals, and it may also be that differences occur between the 
members of the same .species. Typically during the division of the primary 
spermatocytes and oocytes, the chromosomes which were, associated in 
synapsis simply separate, giving rise to two haploid cells. The second di¬ 
vision resembles an ordinary mitosis in that each of the chromosomes splits 
ongitudinally and one-half goes to each gamete. In this way both the 
male and the female gametes come to have the haploid number of chromo- 
Mmes, and each gamete has only one chromosome of any homologous pair. 

hus when the egg and the sperm unite at fertili/atin each brings a single 
set of chromosomes, and the resulting zygote has the diploid number of 
rornosomes consisting of homologous pairs. 

B. the chromosomes 

In each species of plant or animal the normal number and the general 
c aracteristics of the chromosomes is constant. Although the chromosomes 
ave been shown to be the bearers of the hereditary characters, including 
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:it least some of those which determine the differences between different 
species, there appears to be no correspondence between the numbers or the 
characteristics of the chromosomes and the amount of differentiation or 
evolutionary development of the particular species of animal or plant. In 


A, a diploid cell from a woman B, a diploid cell from a man 

Ci ll tj m Occ|i4tc«n 

11 <1II n )> >1 ti4<CCfl4l4c»tf 

C, the chromosomes in a diploid cell from a man 

iVfi II >1II 

D, the chromosomes in a diploid cell from a woman 

Fig. 25:2. Chromosomes of the human male and female. A, a cell from a woman 
showing 48 chromosomes, two of which arc presumably X chromosomes; B, a ceU from 
a man showing 48 chromosomes, one of which is the Y chromosome and another pre¬ 
sumably an X chromosome; C, the 48 chromosomes from a cell of a man, separated and 
arrang^ to show their occurrence in pairs. Note the Y chromosome at the end of the 
scries, y the 48 chromosomes from a cell of a woman, separated and arranged to show 
t eir (Kcurrence in pairs; the pair of chromosomes at the end of the series are thought 
u u ^ chromosomes. By permission from Th^ Chromosomes in Man, Sex and Somatic by 
Herbert M. Evans and Olive Swezy. Memoirs of the University of California, Volume 
9, No. 1. Copyright 1929 by University of California Press. 

the somatic cells of man there are twenty-four homologous pairs of chromo¬ 
somes or forty-eight individual chromosomes (Fig. 25:2). 

C. SEX DETERMINATION 

In many animals and some plants the nuclei of the cells of the female 
have been found to differ in their chromosome constitution from those of 
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the male. We may take as an example the fruit fly. Drosophila. The dif¬ 
ference between the male and the female set of chromosomes is found in 
one of the pairs of chromosomes, called on this account the chroma^ 
somes, the other chromosomes being called autosomes. In the female the 
sex chromosomes, which are designated the X chromosomes, arc exactly 
alike, while in the male one sex chromosome, designated also the X chromo¬ 
some, is exactly like the two X chromosomes of the female, and the other 
member of the pair, designated the Y chromosome, is different in shape. It 



Proportions 


Fig. 25:3 Sex determination as illustrated in the fruit fly Drosophila mclanogaster. 

has been proved that the “fcmaleness” of a female individual is in large 

part due to the presence of the two X chromosomes, while “malencss’’ of a 

male individual is in large part due to its possessing only one X chromo¬ 
some. 

The method by which sex is determined in the fruit fly can be best un¬ 
derstood by following the sex chromosomes through the germ-ccll cycle 
(Fig. 25:3). Since the cells of the female each contain two X chromosomes, 
fhe mature eggs must each contain one X chromosome and in this respect 
3rc all alike. The cells of the male each contain one X chromosome and 
one Y chromosome. When spermatozoa are formed they arc of two types, one 
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type containing an X chromosome and the other type containing a Y 
chromosome. It is clear also that the two types occur in equal numbers. 
When, therefore, an egg is fertilized, there is an equal chance of either a 
sperm containing an X chromosome or a sperm containing a Y chromosome 
uniting with it. If it is fertilized by a sperm containing an X chromosome, 
the cells of the resulting zygote will contain two X chromosomes and the 
individual will be a female. If, on the other hand, it is fertilized by a 
sperm containing a Y chromosome, the cells of the zygote will contain an X 
chromosome and a Y chromosome and the individual will be a male. It 
has been proved by microscopic examination of the germ cells that the 
method above outlined is the method, with certain differences of detail, by 
which sex is determined in many animals, including man. It is thus seen 
that sex, in most cases at least, is determined at the time of fertilization and 
that it is determined by the chromosomes. 

D. PARTHENOGENESIS 

In certain cases eggs may cleave and develop into mature individuals 
without having united with a sperm. This is called parthenogenesis and 
occurs regularly in certain animals. Reference has already been made to 
the fact that the male bee or drone always arises from a mature but un¬ 
fertilized egg. Such an egg gives rise to a male individual, since it contains 
only one X chromosome. The cells of the drone are haploid, and when 
spermatozoa are formed in its testes there is no mciosis and no reduction 
of the chromosomes. Numerous other examples of natural parthenogenesis 
could be cited. In some cases the egg may develop without completing the 
maturation process and the resulting individual be diploid. 

Various methods, both chemical and physical, applied to sea urchins and 
other eggs have been found to produce artificial parthenogenesis. As in the 
case of natural parthenogenesis, development may be initiated either be¬ 
fore or after maturation and lead either to diploid or haploid individuals 
respectively. 

2. THE TRANSMISSION OF HEREDITARY CHARACTERS 

We have already seen numerous examples of how plants and animals may 
reproduce by sexual and asexual reproduction. In all cases of asexual re- 
productioti the new individual arises from a portion of the parent individual 
without any fusion of gametes. Such an individual, in so far as the constitu¬ 
tion of its protoplasm and the nuclei of its cells are concerned, is the same 
as the parent from which it arose. On the other hand, in the case of sexual 
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'-^oductio" the new inditidnal arise. Iron, the fusion of ttro gan.ete,s, 
le icsn ting zygote contains living material from each of tlic two 

diRercn ''credity is concerned chiefly with the hkenesses and 

iflcrences winch lesiilt horn the sexual metliod of rep.oduc.iou 

Our study of sexual ie,,.-od,.ction has shown us that the onh wav in 

winch a cha.acterist.c can he n ausmined horn pa.ent to oilspring is du ough 

he gametes. 1 he cha. ac.e. is.ic. as such, is not actually pasLd horn pa.ent 

to ollsp.n.g. What is transmuted is the tendency for the particular char- 
acieristic to develop in the olfspring. 


A. MUTATIONS 

Among a Hock of purchred sheep on a farm in New England there ap 
peared about one hundred years ago a lamb with very short, bowed legs. 




Pig- 25:4 Mutation in the turkey. Left, a white race which breeds true. Rieht the 
common race. Photograph byj. W. Nfavor. 

The Iamb was reared and bred and gave rise to the Ancon breed of sheep, 
a breed with short, bowed legs. The different breeds of hornless cattle have 
originated in the same way from a single exceptional individual. Anotiier 
example is that of the white turkeys now popular with breeders (Fig. 2.5:4) . 
In the abo\e examples, tlie bowed legs of the sheep, the hornlessnc.ss of the 
cattle, and the white color ol the turkeys are called mutations. Many other 
examples of mutations will be given in sub.secjuent sections. 

Extensive investigations in experimental breeding have established that 
many mutations are due to changes in the chromosomes. The characteristic 
which we call a mutation, for example the short legs of the sheep referred 
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to, is, in fact, but the final phase of a complicated process which had its 
origin in a change in one of the chromosomes in one of the germ cells of 
one of the normal ancestors of the sheep. So far as is known only muta* 
tions are inherited. 


B. THE MECHANISM OF INHERITANCE 

The foundation for the modern science of heredity was laid by Gregor 
Mendel. Mendel succeeded where others had failed, chiefly because in his 
experiments lie confined himself to following clearly distinguishable in¬ 
dividual characteristics from generation to generation. In this way he was 
able to repeat his experiments and to analyze his results. Mendel began 
his experiments in 1857 and published his results in 1866, but his paper 
remained unnoticed until 1900. 

(1) A SIMPLE CROSS 

A relatively simple example may be used to illustrate the principles 
established by Mendel. There are a number of varieties of snapdragon which 
ha\'e been found to breed true from seed. One variety has red flowers, 
another white flowers. A red-flowered plant is crossed with a white-flowered 
plant. The two plants crossed may be called the parents and designated by 
the letter P (Fig. 25:5). The seeds which they form give rise to the first 
generation of offspring designated by Fj. In this case all the Fj plants have' 
pink flowers. If now these F^ plants are self-fertilized, that is, if the stigmas 
of the flowers of each plant are allowed to receive pollen only from the 
same plant, the offspring of the second generation, designated by Fo. are 
found to consist of three kinds of plants, viz., plants with red flowers, plants 
with pink flowers, and plants with white flowers; and these three types arc 
found to be in the proportion of one red-flowering to two pink-flowering 
to one white-flowering plant. This and similar experiments have been per¬ 
formed over and over again; the result is fact, not theory. 

The explanation of this peculiar phenomenon is to be found by relating 
the characters as seen in the plants to determining factors in their chromo¬ 
somes. The term gene has been applied to such a determining factor. No 
one has yet identified with certainty the genes in a chromosome, but the 
existence of such hereditary determiners in the chromosomes is proved by 
the study of heredity. A gene which determines a definite characteristic can 
be modified so that the characteristic is changed. This happens when a 
mutation occurs, and is believed to have happened in the snapdragon when 
a white-flowered plant occurred as a mutation of the common red-flowered 

variety. 

/ 
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The cells of the red-flowering snaptlragon may therefore be said to con¬ 
tain the gene in question in the condition which leads to the production of 
red flowers, and those of the white-flowering snapdragon to contain it in 
the condition which leads to the production of white flowers. Let us desig¬ 
nate these two conditions by W and le, respectively, IF standing for the 
gene in the condition to produce red flowers and le for the gene in the 



Pink (Ww) 



Rod(WW) Pink(Ww) Pink(Ww) White (ww) 


Th Diagram representing a cross benveen a red and a white snapdragon. 

e 1 arc all pink. The F 2 consist of red, pink, and white individuals in the proportion 

p one red to two pink and one white. Note: The shape of the flowers is not involved 
*0 the cross. 


condition to produce white flowers. Let us further assume that the pair of 
chromosomes in which the genes are located are autosomes. Disregarding the 
other genes and chromosomes we designate the genetic composition of the 
cells of the red-flowered snapdragon by WW, and those of the white-flowered 
plant by ww. The gametes of the red-flowered plants are designated by W 
3nd those of the white-flowered plants by w, single letters being used be¬ 
cause the gametes are haploid and have only one of the pair of chromosomes 
bearing the gene. 

When the two varieties of snapdragon are crossed and an egg in a red- 
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flowering plant is fertilized by a sperm from a white-flowering plant the 
resulting zygote, Fj, will have the genetic composition Ww. This zygote 
bears pink flowers. Evidently neither of the two genes has had matters all 
its own way and an intermediate color is produced. The gametes formed 
by the pink-flowered (F,) plants are of two kinds, since the two homologous 
chromosomes separate during meiosis. Thus two kinds of eggs, IV and 
and two kinds of sperms, also IF and w, are formed. Either kind of egg has 


iA 

o> 

O) 


W 


Sperm 


w 


25% 

WW 1 

Red 

25% 

Ww 

Pink 

25% 

25% 

Ww 

w w 

Pink 

White 


Fig. 25:6 A diagram showing the possible 
combinations of sperm and eggs and the prob¬ 
abilities of their occurrence in the formation 
of the F 2 in the cross illustrated in Fig. 25:5. 


an equal chance of being fertilized 
by either kind of sperm. Thus four 
different combinations are possible 
(Fig. 25:6) and occur on the av¬ 
erage in equal proportions: a IF- 
containing sperm with a IT-con- 
taining egg, giving rise to a IFIF 
zygote; a IF-containing sperm with 
a w-containing egg, giving a IVw 
zygote; a i/;-containing sperm with 
a IF-containing egg, giving another 
IVw zygote; and lastly a w;-contain- 
ing sperm with a w-containing egg, 
giving a ww zygote. It is clear that 
in the Fg plants the IFIF zygotes 
give rise to the red-flowered, the 
JVw and zvJV to the pink flowered, 
and the ww to the white-flowered 


plants. It is also clear that the genetic explanation calls for occurrence of the 
different types in the same proportion as was found in the experiment. 

Mendel's early experiments were similar to the one outlined. He was for¬ 
tunate in choosing for his experiments plants which are relatively easy to 
self-fertilize, for only in this way could he have made the analysis which 
leads to the explanation given above. 

Certain special terms are used to define the different kinds of individuals 
of the different generations in the above experiment. The parents, P, which 
bred true and have the gene in question in the same conditions in each 
chromosome of the homologous pair in which it occurs, are said to be 
//omozygous. The immediate offspring of these parents, F^, which possess 
the gene in the condition to produce red flowers in one chromosome and 
in the condition to produce white flowers in the other chromosome, do not 
breed true and are said to be /leterozygotts. The second generation of off- 
spring, Fg, contains both homozygous and heterozygous individuals. 

The hereditary characteristics, red flowers and white flowers, are passed 
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from one generat.on ro another intact. Thus the red-llo,vered character of 
one of the parents appeals again in the F, as a red-llowered character un- 
affected by the cross and its disappearance in the F.. .Such cha.actcs are 
called uml rhararlers or Mendelian chararlers after the nan.c of thci. tlis- 
coverer Gregor ftfendel. The fact that the characters red-flotvered and uhite- 
flojred, although lost from sight in the F. generation, reappear in separate 
individuals in the is expressed by the term segregation. 

In the example chosen, the F, individuals were unlike cither parent, 
n fact as far as the color of their flowers was concerned, the character con- 


Porenfs 
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Red Red Red White 

F'g- .25:7 Cross between a pure red-flowered and a pure white-flowered pea plant, 
owing the dominance of red flower color in the Fi. If an Fi plant is self-fertilized, 
resulting Fj generation is three-fourths red-flowered and one-fourth white-flowered. 
- Principles of Genetics, a Textbook, with Problems by Edmund W. Sinnott 

dnd L. C. Dunn. Second Edition. Copyright 1932 by the McGraw-Hill Book Company. 

sidered, they were intermediate. It is, on the whole, rather exceptional for 
Mendclian characters to behave in this manner. More usually the F, in¬ 
dividuals are like one of the parents. To illustrate this we may take as an 
example two similar varieties of the pea plant. If a purebred red-flowered 
plant of the pea be crossed with a purebred white-flowered plant, the F 
will all be red-flowered (Fig. 25:7) . If an Fj plant is self-fertilized it will 
give rise to red-flowered and white-flowered plants in the proportion of 
three to one. In this case it is clear that the heterozygous plants of the F^ 
^‘2 generations, instead of being pink as in the case of the snapdragon, 
are red like the purebred parent. Thus in the pea when one of the chro¬ 
mosomes contains the gene in the condition to produce red flowers and the 
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homologous chromosome contains it in the condition to produce white 
(lowers, the resulting (lowers are red. \Vhcn this occurs the red-flower char¬ 
acter is said to be dominajit, and the white-flower character recessive. In 
the pea plant, therefore, the red-flower character is dominant over the 
white-flower character. In the snapdragon the same characters show incom¬ 
plete or partial dominance. 

It will have become apparent that it is not always possible to tell the 
genetic composition of an individual, that is, the condition of its genes, 
from its appearance. Individuals which appear alike but may not have the 
same genetic composition are said to be of the same phenotype. Individuals 
which have the same genetic composition are said to be of the same genotype. 
1 bus in the first cross considered, that between a red-flowered and a white- 
flowered snapdragon, there were two phenotypes among the parents, that 
is, a red-flowered plant and a white-flowered plant, one phenotype in the 
F,, that is, pink, and three different phenotypes among the Fg. In this case 
the phenotypes were also genotypes. In the cross between the red-flowered 
and white-flowered pea plants but two different phenotypes appeared, since 
the individuals which are heterozygous for the two characters are red- 
flowered and exactly like the homozygous red-flowered plants. There are, 
however, as in the other cross, three genotypes, plants homozygous for the 
red-flowered character, plants homozygous for the white-flowered character, 
and plants heterozygous for the red-flowered and white-flowered charac¬ 
ters. 

Characters whicli, like red-flower color and white-flower color in the ex¬ 
periments, are alternatives and mutually exclusive in their expression, are 
said to be allelomorphs or alleles. Allelomorphic characters are due to dif¬ 
ferent conditions of the same gene. The term is also applied to the gene. 
Thus the gene in the condition to cause the production of red flowers is 
the allelomorph of the same gene in the condition to produce white flowers. 

(2) CROSSES INVOLVING TWO^OR MORE CHARACTERS 

For the sake of variety we will choose our next example from the animal 
kingdom. In guinea pigs rough hair is dominant over smooth hair and 
black coat color over white coat color. If a smooth, black guinea pig is 
crossed with a rough, white guinea pig the Fj are all rough and black, 
these being the two dominant characters (Fig. 25:8), When these in¬ 
dividuals are crossed the F 2 consist of four phenotypes which occur in the 
following proportions: 


Rough, black 9 

Rough, white 3 

Smooth, black 3 

Smooth, white 1 
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tion may be designated by R, and the allelomorphic character “smooth" 
and the corresponding condition of the gene by r. Similarly B and b may 
denote black and white coat color respectively. The genetic composition 
of the smooth, black parent may then be expressed as rrBB, and that of 
the rough, white parent as RRbb. The gametes produced by the smooth, 
black guinea pig will be alike and will contain one chromosome of each 
of the two pairs. They will be denoted by rB. The gametes of the other 
parent will be denoted by Rb. The individuals, which are rough, black, 
and phcnotypically and genotypically alike, have the genetic composition 
RrBb. Each of these Fj individuals produces four kinds of gametes in equal 
proportions, viz., RB, rB, Rb, and rb. Any one of the four different kinds 
of sperms from the male parent may unite with any one of the four dif¬ 
ferent kinds of eggs from the female parent. Thus sixteen different combi¬ 
nations are possible. These are shown in diagrammatic form on a checker¬ 
board with four squares on a side (Fig. 25:8). A study of this diagram 
shows that in the F^ there are nine different genotypes, that is, there are 
nine different kinds of individuals when the F., are classified according to 
their genetic composition. On the other hand, as the result of the experi¬ 
ment shows, there are only four different phenotypes, that is, there are only 
four different kinds of individuals when the F., are classified according to 
their visible characters. The different kinds of F, individuals are listed in 
Table 25.1. This table shows that the proportion in which the four pheno- 

TABLE 25:1. PHEXOTVPES AN'D GENOTYPES IN THE F, OF A CROSS 

BETWEEN A SMOOTH, BL.\CK. AND A ROUGH. WHITE* GUINEA PIG 

niFNOTYPFS NUMBER GENOTYPES NUMBER 


Rough, black 9 RRBB 1 

RrBB 2 

RRBb 2 

RrBb 4 

Smooth, black 3 rrBB 1 

rrBb 2 

Rough, white 3 RRbb 1 

Rrbb 2 

Smooth, while 1 rrbb I 


types occur is 9:3:3:1, that is, out of every sixteen individuals nine have 
both dominant characters, in this case rough and black; three have one 
dominant character and one recessive character: and three have the other 
dominant character and the other recessive character, while only one in¬ 
dividual has both the recessive characters. It should be remembered that 
the pioportions stated above will only be found when there is independent 
or free assortment, that is, when the two genes involved are in different 
chromosomes. 



Art. 3 HEREDITY IN MAN ^27 

Cases occur in which three or more genes in three or more different 
chromosomes appear in a cross and show the same kind of independent as¬ 
sortment as illustrated in the above example. Such cases can be worked out 

by the same method. When three genes are involved the checkerboard will 
contain eight squares on a side. 

Sometimes what appears to be a relatively simple character in the pheno¬ 
type involves a number of genes and is really the combination of a number 
of genetic factors called multiple factors. This, for example, has been 
found to be the case with skin color in man. Investigations indicate that 
the dark color of a “full-blooded Negro” is the result of a number of. per¬ 
haps five or six, partially dominant factors, which are independently in¬ 
herited like the characters “rough” and “black” in guinea pigs. When a 
cross occurs between a Negro and a white person the genes become separated 
as in the case of the guinea pigs so that different degrees of color occur de¬ 
pending on the number of dominant and recessive factors present. Thus 
the darkest individuals would occur when all of the factors were repre¬ 
sented by dominants and the lightest individuals (white) when all the fac¬ 
tors were represented by recessives. Both extremes would, however, be rare. 


3. HEREDITY IN MAN 
A. IDENTICAL TWINS 

Human beings vary greatly in all their characteristics. The shape and 
structure of the body, physiological and mental activitic.s, differ to such 
an extent that no two persons are alike. The greatest resemblance between 
individuals is found in the case of .so-called identical twins. Such individuals 
arise from a single fertilized egg which accidentally became divided into 
two parts at an early stage, perhaps as early as the two-cclled stage. Since 
identical twins come from a single egg each twin has the same set of genes 
and all of them arc in the condition to produce the same characteristics. 
Identical twins are always of the same sex. 

Identical twins, which have been separated early in life and reared apart, 
offer an opportunity to determine which characters arc due to heredity and 
which to environment. A number of pairs of identical twins have been care- 
folly studied. Such studies show that the individuals remain very much 
alike even when they have grown up in quite different environments. In 
other words, in so far as the determination of the physical characters by 
which the individuals are recognized arc concerned, heredity has more effect 
than environment. Intelligence tests have been carried out on a case of 
identical twins who were separated at the age of eight months and had 
been together an aggregate of ten months up to the time of testing. One 
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was trained in a business college and has held numerous secretarial positions; 
the other has been a teacher, is married, and has one child. The intelligence 
tests show remarkably close ratings. However, tests calculated to determine 
will power, emotion, social qualities, and the like show considerable dif¬ 
ferences, indicating that these qualities were affected by the differences in 
training and environment. Other tests of twins who appeared to be phys¬ 
ically identical have not shown the same identity in mental tests. Definite 
conclusions regarding the effects of environment and training on the men¬ 
tality of identical twins must await further data and studies. However, it 
can be said that individuals who are so much alike in early childhood as 
to be labeled identical twins” remain alike throughout life even when they 
live in different environments, which shows that the characters by which 
we differentiate people are determined mainly by heredity. 


B. MENDELIAN CHARACTERS IN MAN 

Our knowledge of Mendelian or other possible hereditary characters in 
man is, for obvious reasons, based almost entirely on a study of pedigrees or 
genealogical trees. It is often, one might say usually, difficult to obtain the 
accurate information required to construct such trees. Usually only very 
sti iking or peculiar characteristics can be traced through a number of gen¬ 
erations. Hence a list of the known Mendelian characters in man contains 
a large number of pronounced abnormalities or peculiar characters. There 
is no reason, however, to conclude that only such characters, or mainly 
such characters, are inherited. Indeed there is reason to believe that the 
vast majority of characters and traits which are associated with family like¬ 
ness are inherited and that their inheritance conforms to Mendel’s Laws. 

In attempting to appraise our present knowledge of human heredity, 
consideration must be given to the difficulties and handicaps geneticists are 
under in studying inheritance in man. It is only very rarely that the in- 
scstigator has an opportunity to observe more than three generations and 
he is fortunate if he is able to obser\'e two generations. Beyond this he must 
depend largely upon tradition, since personal characters are seldom made 
a matter of written record. Many characters about which we would like 
information arc difficult to describe. The making of comprehensive ge¬ 
nealogical trees, the only method by which the inheritance of human traits 
can be studied, is therefore attended with great difficulty. Many inherited 
characteis depend on environmental conditions for their expression: for 
example, susceptibility to a disease can be determined only by exposure to 
the disease, a particular kind of ability can be demonstrated only when 
there has been an opportunity for its exercise. Certain characters appear 
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only in the adult or later life and so can be determined only for those chil¬ 
dren who live to that age. Many traits may appear in so inconspicuous a 
form that they pass unobserved. Similar traits may be due to different 
hereditary factors. Many traits are undoubtedly due to the interaction of 
a number of genes. The investigator has no opportunity to test liis conclu¬ 
sions by experimental breeding as is done in the case of animals, but 
must simply search for more data for comparison with those already ob¬ 
tained, To these technical difficulties must be added the widespread preju¬ 
dice against the study of human heredity and the desire from emotional or 
social motives to ignore the differences between men. Nevertheless, the 
important part which heredity plays in many aspects of human welfare 
makes its investigation one of the most urgent tasks of science. 

Only in special cases can information of much value be given regarding 
the desirability or undesirability of any particular human mating. Few 
families have either accurate or extensive genealogical trees and even when 
such are on record there is always a tendency to ignore "the skeleton in the 
closet.” Certain general considerations may, however, be discussed. 

Consa7iguineoiis marriages are marriages between persons of near kin. 
There is a general belief that such marriages are inadvisable and such un¬ 
ions have been the basis of taboos among many primitive and civilized 
races. The biological principle involved is quite clear. If there is a heredi¬ 
tary defect in the family, particularly one which behaves as a recessive char¬ 
acter, there is a considerable chance that both partners, although not show¬ 
ing the trait, may be heterozygous for it and therefore that one-fourth of 
their children, being homozygous for the trait, will show the defect. The 
principle applies equally well to valuable traits, since if the parents are re¬ 
lated they are more likely both to have the trait and to pass it on to their 
children. Thus the important question is not whether the parents are blood 
relations but whether the genealogical tree shows any recessive hereditary 
defects. Many famous men and women have been the offspring of con¬ 
sanguineous marriages. 

A complete statement and description of the known human hereditary 
traits would occupy several volumes. There seems little doubt that mental 
traits are inherited according to the principles outlined for purely physical 
traits. The diagnosis and description of mental traits are attended with great 
difficulty. In addition, what we are apt to regard as simple mental traits 
are in reality often due to the interaction of a number of different traits. 
Many genealogical trees point to the inheritance of general mental, musical, 
artistic, and literary ability; but the exact mode of inheritance of these 
abilities is far from clear. A noted authority states: "In no other groups of 
diseases is heredity so conspicuous among causes as it is in the case of mental 
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disorders, but at the same time there is no other field in which the study of 
heredity is so difficult. For, to begin with, specialists are far from being 
agreed as yet upon the classification and delimitation of the hereditary 
diseases of the mind. W^e need hardly be surprised, therefore, that in scarcely 
one of these diseases has the hereditary cause been satisfactorily established. 
Only this much is certain, that heredity is the outstanding cause of mental 
disorders.” 


C. HEREDITY AND SOCIETY 

Among the individuals of a wild species there is constant competition for 
food and shelter. A multitude of enemies, seen and unseen, contest with 
each its existence. The result of this is that only the fittest survive and pass 
on their hereditary characters. One of the chief objects of civilization is to 
abolish or limit individual competition by cooperative effort and to rout 
seen or unseen enemies by the collective power and knowledge of the group. 
I he aim of democracy is to give to each individual equal opportunity for 
the exercise of all the human functions, including that of marriage and 
reproduction. A condition thus has arisen in which not only do the unfit 
propagate their kind, but the less fit and shiftless have larger families than 
the more provident and able portions of the populations. For example 
families which send a child to the state home for feebleminded in Cali¬ 
fornia were found to average at least half again as large as those that send 
a child to the state university.” 

The success of experimental breeding in developing useful varieties of 
animals and plants has suggested to social philosophers its application to 
the human race. 1 here arc, however, certain important differences between 
the problem of the agriculturist and that of society. First, the breeder has in 
mind certain definite characters which he wishes his animals or plants to 
possess, such as beef production, egg production, speed, or crop yield. Who 
except a nationalist dictator would undertake to prescribe the characters 
which a membei of the human race should possess? Second, the breeder is 
master of his herd and can make his matings unrestrained by any con¬ 
siderations of ethics, politics, or the happiness of the individuals concerned. 
Third, the breeder has already or can obtain by experimental breeding a 

knowledge of exactly how the characters he is concerned with behave in 
heredity. 

Although these conclusions make it evident that the question of the cre¬ 
ation of a superior human race must be relegated to the realm of specula¬ 
tion, the social importance of heredity cannot be denied. The following 
facts have been amply demonstrated; First, what any individual becomes de- 
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pends partly on his environment and partly on his heredity. .Second, many 
undesirable and also many desirable human traits are inherited and in a 
few cases the mode of inheritance is known. 

An example of the effect of the environment on a social group is given 
below. In Norway careful records are kept of the height and weight of school 
children. The table (Table 2r>:2) is compiled from the measurements made 


TABLE 25:2. THE AVERAGE HEIGHT AND WEIGHT OF .SCHOOL 
CHILDREN IN NORWEGIAN SCHOOLS IN 1920 AND 1930' 


ACF. 

SF.X 

10 

Rov.s 


Girls 

M 

Bovs 


Girls 

18 

Bovs 


Girls 


^Simplified from Mohr 
New York. 1934. 


liFIGMT 

1920 

IX CM. 

i910 

IXCHFASK 

130.9 

13.5.1 

4.2 

130.0 

1.31.6 

1.6 

118.2 

153.1 

1.9 

1.50.6 

151.9 

1.3 

173.6 

176.1 

2.5 

161.6 

164.7 

3.1 

Ouo 1... 

Hert-dilx 

and Diieasr 


WKICHT l\ KC. 

IXCRF.ASK 

1920 

I9W 


27.6 

29.9 

2.3 

27.0 

29.8 

2.8 

38.5 

12.6 

1.1 

11.8 

45.5 

4.3 

62.3 

64.3 

2.0 

.52.9 

.56.9 

4.0 

W. W. 

Norton 

•N Company 


in 1920 and 1930 in the same schools and of children of the same ages. 
When the heights and weights of children of the same age and sex are 
compared the difference is striking; for example the average weight of a 
fourteen-year-old boy in 19.30 was 4.1 kilograms (approximately 8 pounds) 
more than that of the average boy of the same age in 1920. As it is very un¬ 
likely that there was any change in the hereditary characteristics of the 
children sent to the schools in the different years it seems clear that the 
increased height and weight must have been due to improvements in the 
environment, including nutrition, which are known to have occurred dur¬ 
ing that time. The responsibility of society in this regard is, therefore, clear. 
Once a child is born every effort should be made to provide for it a suitable 

environment. 

With regard to heredity the problem Is more difficult. Undesirable and 
desirable characteristics occur in the same individual—Napoleon and 
Caesar were epileptics—and no method is available to separate the desir¬ 
able characters from the undesirable, as can be done in animal and plant 
breeding. Certain characters, however, .so handicap the individual that they 
would seem to outweigh any good characters which he might possess. An 
example is feeblemindedness. There are various grades of feeblemindedness 
and not all types are inherited, notably that known as mongoloid idiocy. 
A number of studies of the inheritance of feeblemindedness have been made 
and these show that hereditary feeblemindedness behaves as a Mendelian re¬ 
cessive. The number of feebleminded in the United States is variously esti¬ 
mated at from three hundred thousand to five hundred thousand. Only a 
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small percentage of these, perhaps 10 per cent, are in the care of the various 
states. One obvious remedial measure is to prevent the reproduction of the 
feebleminded. This can be and is to some extent done in the case of those 
in state institutions. But even if it were possible to prevent the reproduction 
of every feebleminded individual, the problem would be far from solved. 
Feeblemindedness being a recessive character can be carried in the heterozy¬ 
gous condition by a normal person and in this condition may pass through 
a number of generations if the heterozygous carriers always marry normal 
individuals. The same difficulty presents itself in all attempts to eradicate 
undesirable recessive characters from the human race. 

The problem is simpler in the case of dominant characters. These can be 
transmitted only by those who possess the character and if they have no 
children the character will die out. 

The improvement of the Human race by increasing the number of gifted 
and physically fit individuals is another important aspect of the problem. 
It seems unlikely that this will become, at least in the near future, the sub¬ 
ject of collective action. Responsibility rests with the individual who 
possesses the desirable characters: they are in his trust. It is the duty of men 
and women who contemplate marriage to obtain all the information pos¬ 
sible regarding their heredity and to act accordingly. This they should do 
not only in the interest of the future generation but for their own happi¬ 
ness. 



CHAPTER 26 


Environment and Organism 


In the previous chapters, we have looked at organisms chiefly as individuals 
taken out of their natural relations to the physical world around them and 
to the other living creatures which alfect their lives. Yet what an organism 
is and whether it continues to exist depends quite as much on its environ- 
ment as on its structure and physiology. This environment consists, not 
only of that part of the inanimate world with which the plant or animal 
comes in contact, and the physical and chemical changes to which it must 
respond, but also of a part of the animate world, which consists of those 
other plants or animals which in any way affect its existence. The study of 
the relations of plants and animals to their environments, animate and 
inanimate, is called ecology. 


1. THE ENVIRONMENT 

A. THE INORGANIC ENVIRONMENT 

The chemical substances and the various physical agents which consti¬ 
tute the inorganic or nonliving part of the environment in which the drama 
of life goes forward vary mucli from place to place on the surface of the 

earth. 

(1) THE CHEMICAL ENVIRONMENT 
(a) WATER 

It is scarcely necessary to emphasize the fact that water is essential for 
life and is therefore a necessary constituent of the environment of all or¬ 
ganisms. For aquatic plants and animals, whether marine or fresh-water, 
U ts the medium in which they live. For land plants or animals it must be 
available in the soil and present in the air. Indeed, the distribution of 

333 



334 


ENVIRONMENT AND ORGANISM Ch. 26 


living things corresponds fairly closely to the distribution of water over the 
surface of the globe, and on land they are in general most abundant where 
the humidity is greatest. 

No other substance is known which could play the part which water 
plays in living processes. Some of the unique characteristics of water which 
make it particularly fitted to play this role are its solvent power, its ability 
to ionize substances in solution in it, its chemical inertness, and its high 
surface tension. 

\Vater, because of its physical properties, goes through a xvater cycle. It is 
constantly being evaporated from the surface of the earth into the at¬ 
mosphere to be precipitated as rain and flow over and through the soil. 
This movement of water and its unequaled solvent power is one of the 
main factors in the disintegration of rocks and the cause of the salinity of 
the ocean. 

(b) CARBON DIOXIDE 

Although carbon dioxide is present in the atmosphere in very small 
quantity (0.03 per cent), it is essential for green plants and thus for the 
existence of all higher life on the earth. Carbon dioxide is a raw material 
for photosynthesis. The presence of carbon dioxide "in the atmosphere in¬ 
sures the occurrence of greater, or at least equal, quantities in the ocean and 
in all the natural waters of the earth." ^ 

This wide distribution is due to the solubility of carbon dioxide in water. 
It is such that under ordinary conditions the quantity of carbon dioxide 
in a given volume of water is approximately equal to the quantity in an 
equal volume of air. Thus it is equally available for green plants in the 
water of the soil, rivers, lakes, and oceans. Carbon dioxide enters and leaves 
water freely. It therefore accompanies Avater everywhere and circulates with 
it. Carbon dioxide is the chief food of plants, and it possesses two very 
important qualifications for a food: it occurs practically ev'erywhere and it 
is constantly being moved about in the atmosphere and water of the earth 
so that when it is used up in one place it is soon replaced from another. 

Carbon dioxide is practically the only form in which the element carbon 
passes from the inorganic to the organic world, and it is chiefly in this form 
that it returns from the organic to the inorganic world. Taken in by green 
plants, it is combined with water in the photosynthetic process to form 
sugar; from this sugar is obtained the carbon of the carbohydrates, fats, 
and proteins of plants and animals. Carbon passes through a carbon cycle, 
during one part of which it is in the atmosphere or water as carbon dioxide 
and during the other part of which it is a constituent of organic matter 

1 Hciulei^u. L. J., T/if Fitness of the Environtnent. 
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(Fig. 26:1). Fresh water, made slightly acid by the presence of carbon 
dioxide from the air, dissolves sodium, potassium, calcium, and magnesium 



Fig. 26:1 Diagram of the carbon cycit*. 

from the soil, forming bicarbonates. These salts of carbonic acid, when 
present with the acid, serve to maintain a nearly neutral reaction in natural 

waters. 


(c) OXYGEN 

We are inclined to consider oxygen the most important constituent of 
the atmosphere, chiefly perhaps on account of our own rc<iuircments of that 
element. Yet the role which oxygen plays in living processes apart from 
being a constituent of most of the compounds concerned is that of aider 



down of organic substances, although the energy thus released may be used 
by the organism to build up other substances. 

Oxygen in its uncombined form is not essential to all organisms. Some 
plants and some animals can utilize combined oxygen to carry out the 
oxidations which their living processes require. .Such organisms are said 
to have anaerobic respiration in contrast to the aerobic respiration of other 
organisms. They include many kinds of bacteria, yeast under certain con¬ 
ditions, some annelid worms, and a number of animal parasites. 
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(d) NITROGEN 

By far the greater part of the nitrogen either on or near the surface 
of the earth is in the atmosphere, of which it forms approximately 79 per 
cent. The remainder is largely in the form of compounds which have been 
formed in the bodies of plants or animals or the decomposition products 
of these. 

Most land plants obtain the nitrogen they require from the nitrates in 
the soil. These nitrates are there largely as the result of the action of ni¬ 
trifying bacteria on products of decay and the ability of nitrogen-fixing 
bacteria to take nitrogen from the air. The nitrates from the soil are carried 
in the soil water to streams and ponds and thus become available to all 
fresh-water life. Some of these nitrates are carried in the water of rivers 
into the ocean. 

(e) OTHER ELEMENTS 

The other elements required by plants and animals come into the soil 
and the soil water as products of the disintegration of rocks and erosion of 
the soil. This disintegiation and the distribution of the resulting inorganic 
salts is brought about largely through the water cycle. 

(2) THE PHYSICAL AGENTS IN THE ENVIRONMENT 
(a) LIGHT 

Primitive man and the men of the early civilizations recognized the im¬ 
portance of light for life in their almost universal worship of the sun. 
Life, as we have already seen, is essentially a question of energy changes. 
Energ)' is taken from the environment and appears in the varied activities 
of the organism. The prime source of energy for all life is the radiant 
energy of the sun. Only green plants have the power to capture and trans¬ 
form this energy. Hence all organisms with the exception of a small group 
of bacteria are ultimately dependent upon green plants and through them 
upon the sun. 

The amount of light and heat (radiant energy) received by the earth 
from the sun is enormous. At any given place it depends upon the time 
of day, season of the year, latitude, and the condition of the atmosphere. 
During a clear day in summer at latitude 45° a square yard on the surface 
of the earth receives in the form of radiation from the sun somewhere be- 
tivcen two thousand and five thousand kilogram calories, or about enough 
energy, if it could be transformed without loss into absorbable food ma¬ 
terials, to support one man. However, only a small fraction of this energy 
is used in photosynthesis, the greater part going to raise the temperature 
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of the surroundings/ With the most efficient agriculture and fertile land, 
about one acre, 4,840 square yards or about 4,000 square meters, is re¬ 
quired to raise enough food for one inan.- 

Light acts as a direct stimulus for many of the activities of plants and 
animals and in this capacity is of great importance. Examples have already 
been discussed and more will appear in later sections. 

(b) JEMPERAIURB 

Except in special cases active life occurs only between 0® centigrade (32® 
Fahrenheit) and 45® centigrade (113® Fahrenheit). Many sea fishes and 
other animals remain active and many marine algae continue to grow at 
— 1® or even —2® centigrade, since the salinity of the sea water prevents it 
from freezing at such temperatures. Certain invertebrates are known which 
live in hot springs where the temperature may reach 50® centigrade (122® 
Fahrenheit) or more, and algae have been found growing in water at tem¬ 
peratures up to 80® centigrade (170® Fahrenheit) . I'he dry spores of certain 
bacteria can withstand temperatures of 120®-130® centigiadc (248®-266® 
Fahrenheit). 

For most organisms there is a minimum temperature below which they 
cannot carry on their vital processes, a maximum temperature above which 
they become inactive and eventually may die, and an optimum range of 
temperature within which they thrive best. Thus tropical plants and ani¬ 
mals do best at temperatures above 32.2® centigrade (90® Fahrenheit) and 
are easily killed by cold weather, while temperate plants thrive best at tem¬ 
peratures between 15.5® centigrade (00® Fahrenheit) and 32.2® centigrade 
(90® Fahrenheit), and Arctic plants grow at temperatures only a little 
above freezing. 

Many organisms require a seasonal change of temperature. Thus the 
seeds of many temperate plants will not develop unless subjected for a 
period of time to temperatures below freezing, and the same is true of the 
of many insects. The cold winter has become a necessity to them. 

(c) CL/MATE 

The term climate has been used to include the condition which results 
from a combination of physical factors, the chief of which arc temperature, 

'^See Chap. 16, Sec. 5. for a discussion of the cflicicncv of the photosynthctic process. 

^ The calculation is as follows: the average man neetls 3.000 calories per day or 1,095,000 
calories per year. One pound of wheal yields approximately 1,600 calories. One hiishcl of 
number one wheat weighs 58 pountis and yields approximately 92,800 calorics. Therefore if 

roan could live on wheat alone (as many Chinese do on rice, which is very similar to 

wheat) he would require — 11.9 bushels per year. The average yield of wheal per 

j « 92*800 

acre in the U* S. was, in 1934, 11.8 bushels per acre. 
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sunlight, and water vapor. In general when traveling from either pole to 
the Equator each of these factors increases in intensity. There may, how¬ 
ever, be geographical factors which change this succession. Thus in going 
up a mountain, even at the Equator the temperature decreases s6 that at 
great heights it may approach that of the Arctic regions. In going from 
east to west across the southern United States all stages of humidity are 
encountered from relatively humid forest regions to dry deserts. 


fi. THE ORGANIC ENVIRONMENT 

The organic environment consists of the organisms which in any way in- 
fiuence the life of the individual under consideration. In some cases the 
relation brings mutual benefit. Thus in the pollination of higher plants by 
insects, both the insect and the plant benefit, the plant by the transfer of 
its pollen, the insect from the nectar or pollen which it uses as food. Some¬ 
what the same relationships exist in the case of seed dispersed by birds 
and mammals. The birds or mammals eat the fruit and disperse the seeds. 
Organisms of decay, including bacteria and other fungi, serve the entire 
organic world by making available again the materials needed by proto¬ 
plasm. Certain bacteria also aid the growth of green plants by bringing 
nitrogen into the soil. 

Plants or animals may derive mutual benefit from association. Thus the 
trees in a forest are better able to weather storms by being together rather 
than isolated; grasses by being in clumps hold more moisture and organic 
material in the soil than when separated. Grazing animals commonly go 
in herds where they find protection from their carnivorous enemies. Many 
animals associate in gi'oups for breeding purposes, building their nests to¬ 
gether or swimming in shoals. Climaxing this type of association are the 
social insects already described in a special chapter (Chapter 24). 

The relationship may be one of competition. Plants compete for soil, 
water, and light, animals for food. The competition may be between in¬ 
dividuals of the same species or between different species. The number of 
individuals of a species in a given locality is frequently determined by the 
amount of food available. Food chains for a number of different types of 
plant-animal communities have been worked out. An example is outlined 
in the diagram (Fig. 26; 11, p. 347). Here the relative numbers of individuals 
of each species is to a certain extent dependent on the relative numbers of 

individuals of the species which feed upon it and the species which it feeds 
upon. 

Not only is each species adapted in its own way to the particular condi¬ 
tions of its particular environment, but the different species of plants and 
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ammals inhabiting any region are iiuiinaiely associated and form a com- 
mumty. The kinds of plants and animals which live in a community are 
determined in the first place by tlie chemical and pliysical conditions of the 
region and the seasonal changes of these. Depending on such conditions 
certain species which are well adapted to them are abundant and give the 
community its general characteristics. These species are said to be the 
dominant species. Thus in a forest community one or more species of 
trees are dominant and the forest may be a pine forest, a maple forest, 
or a maple-beech forest with some oak. Again, the community may be on 
the seashore and be that of a mussel shoal where mussels are the dominant 
species, or an oyster bed where oysters are dominant. Just as the cells, tis¬ 
sues, and organs of an individual plant or animal are organized to form its 
body and carry on its vital activities, so the different species of plants and 
animals are brought together by the special conditions of their environ¬ 
ments and their modes of life to form communities in which each has its 
place or niche. 


2. LIFE IN A FRESH-WATER POND 

The proportion of the earth’s surface covered with fresh water is small 
compared with that occupied by the oceans or the land. Nevertheless plants 
and animals of the fresh water are of great interest on account of their many 
adaptations to the peculiarities of their environment. A permanent fresh¬ 
water pond is chosen for study. In general a permanent pond contains a 
greater variety of life than one which dries up in the summer. Physical con¬ 
ditions have a marked effect on the life of a pond. On the whole, organisms 
which live in water get less light. Water absorbs light to a much greater ex¬ 
tent than air, and natural bodies of water usually contain many suspended 
particles which add greatly to this absorption. Less light is therefore avail¬ 
able to the submerged green plants for photosynthesis. TVhile the atmos¬ 
phere contains about 20 per cent oxygen and only about 0.03 per cent 
carbon dioxide, these gases dissolve in water in very different proportions. 
The oxygen content of pond water is usually under five cubic centimeters 
per liter or less than 0.5 per cent by volume, while there may be over 
fen cubic centimeters of carbon dioxide per liter or more than 1 per 
cent. The proportion of the two gases depends to a considerable extent on 
the amount of green vegetation and animal life in the pond. Under normal 
conditions green plants tend on the whole to take carbon dioxide from, 
and to add oxygen to, the water. The oxygen given off by green plants in 
the process of photosynthesis is often seen in the bubbles which collect 
on the leaves of submerged plants or in masses of floating pond “scums” 
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(S]>iiog\ia and oilier genera). I*lams. like aniinals, use oxygen lor respira¬ 
tion. Ho\\evei‘. during tlie process ol photosynthesis, the owgen which is 
liheiaied as a hv-[)rothi( t is nsnallv more than the respiratory require¬ 
ment ol the [ilant. Animals anti nongreen plants take oxvgen from, and 
give carbon dioxide to. ihe water both b\ tla\ and bv night. Because of 
the oxygen which tlie bacteria and other organisms oi decav use, jioiluted 
waters olten tontain little oi practicallv no oxvgen and so are unable to 
support man\ kinds ol animal life. I he chemical composition of fresli 
water \aii(N with tlie kind ol soil (^r rotks o\(*r width it Hows and this 



Fig. 26.2 I'oiitl lilc. On the lily fj.Kl iti the foreground is a bullfrog. In the ccn[<T a 
It opard Irog is resting at the surface of the water. Pickerelweed thrusts its large iea\ '-’S 
and Mowers out of the water near the shore. A small water snake crawls over .some lily 
[)ad.s behind tlie Imllfrog. Photograph of part of a habitat group. Reproduced by 
courtesy of the .\merican .Museum of Natural Historv. 

in tinn allects the organisms. The amount of mtid or other fine suspended 
mateiial, liy determining the penetration of .sunlight, affects not onlv photo¬ 
synthesis in plants hut also the movements and habits of the animals. 

Around the fringe of a fresh-water pond in the shallow' water are cat¬ 
tails with their brown spikes, bur reeds with their fiuffv lialls of flowers, bul¬ 
rushes with their long narrow leaves, and the pickerel weed fFig. 26:2) 
with its large pointed leaves like great spearheads. Bevond this 7 onc of 
plants which live partiv in and partiv out of water, the surface of the pond 
is covered to a varving distance, depending upon the depth, bv the large flat 
floating leaves of tlie delicate white water lilv or the coarser ^cIlow■ pond 
lilv or spatterdock. The large, flat, Moating leaves of these plants are obvi- 
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ously an adaptation to life in this part oi the pond, l-'arther Irom tlic shore 
where the water is deeper the plants are eitlier totally subineri^eti. preterring. 
as it were, to retain their roots in the muddy bottom, or they float freely on 
the surface. To tlie former category belong the species oi pondweeds aiul the 
fresh water eelgrass, a pest to those who tr\ to swim or canoe along the shore. 
The long flexible leaves of the eelgrass move with the water and hence are 
not torn by waves. Another submerged plant is Elodea, a form often used 
in the laboratory. I lie buds o! submerged plants, like Elodea, are not 
ered with scales as are those oi laiul plants. Sucli scales ser\c to prevent dry- 



Fig. 26:3 Duckweed floating on the surface of a pond. Photograph by J. \\ . Mavor 


ing in land plants and would have no use in water plants. To the freely float¬ 
ing plants belong the peculiar duckweeds (Fig. 26:3) which consist of little 
green disks a quarter of an inch or less in diameter but which arc in re¬ 
ality full-grown flowering plants as arc all of the species named so far. 

One may ask how it comes that flowering plants arc found in ponds when 
their stems, leaves, and roots and their method of reproduction by means 
of pollen and seeds show that their structure is of the type found in land 
plants. The answer is that their ancestors not very far back were land plants, 
but that they invaded the water, perhaps because they were crowded off 
the land, and became readapted to it without, however, changing the funda- 
tuental plan of their structure or methods of reproduction. That this re¬ 
adaptation occurred in most cases relatively recently ami independently is 
shown by the fact that many different orders of flowering plants contribute 
to the aquatic life of ponds. 

Among the floating plants may be found water fernworts, curious rela¬ 
tives of the familiar ferns but rather dirferent from them in appearance, 
and liverworts, plants related to tlic mosses. 
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ith very few exceptions the algae which occur in fresh water are either 
blue-green algae or green algae. Filamentous plants of the latter class may 
be seen at or near the surface forming dull green masses buoyed up by 
bubbles of oxygen. Freely Hoating microscopic forms (Fig. 26:4) tint the 
^\atcr gicen or l>iot\nish green. Branched forms cover the submerged stems 
of the larger plants with a hairy coat. Stoneworts, delicately branching green 
algae, often callcti candelabra plants, grow up from the bottom, which is 
jKirtly covered by blue-green algae and diatoms. 



Fig. 26.4 Microscopic floating plants from near the surface of a small lake. Note the 

^ erical colony of Volvox. Most of the organisms are either desmids or diatoms. 
Photograph by J. W. Mavor. 

The animal life of a pond is no less interesting than the plant life. The 
two commonest water mammals are tl^e muskrat and the mink. The musk- 
rat (Fig. 26:5) is about the size of a cat and has the general appearance of 
a large mouse or rat. It is, however, adapted to an aquatic existence; the 
hind feet are partly webbed, the tail is flattened vertically to act as a 
rudder, and the fur sheds water. The muskrat makes his house in a marsh 
in the form of a mound built of the roots and stems of rushes, cattails, and 
other plants. The house may reach a size of five feet wide and two feel 
higli and contains a little room with a dry floor above water level. Some¬ 
times instead of being built in water the house is made by burrowing into 
tlie bank of a pond. In either case the entrance is under water. Muskrats 
feed on roots and stems but will cat a frog or fish if it comes their way. 
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Fig. 26:5 On the left a muskrat. PhotoE;raph hy I,. W. Brownell 
muskrat house. Photograph b\' J. W. Nfavor. 


Minks are at home cilhcr on land or in ,rater. Thex are Ion<r dendcr ani 
mals and are entirely lle,dt-eatino. Iivitig xrhile on land on mice and small 
birds and while in the water ot. I.sh, traxhsh, and other a<inatic aninial.s 
which they catch with agile siiakelike niovemeius. 

The most numerous ami tliaratiei isiic of liie water birds are tlie ducks. 
Their boatlike botlies and webl)ed leet piateti posieriorh so as to act most 


efficiently as paddles make them well adapted to move over the sui faces of 
ponds and lakes. Game ducks like tlie mallarti (Fig. , the Ilesii of tvliidi 
highly priitecl, feed on plants such as ilic fresh-water eelgrass. T he flesli 
of the fish-caiing ducks has a disagree- 


taste. Sandpipers run along the 
sand or mud at the water’s etige 
i't.arthing for titbits. Occasionally one 
">ay find a colony of black-crowned 
'I'ght herons or a little green heron, 
^<id from a distance watch some of 
them wading with tlicir long legs and 
t^atcliing fish in tlieir long sharj) licaks. 
kingfishers prefer the banks of streams 
"here they watch for their prey from 



Fig. 26:6 Mallard ducks. Male, left, 
xsith ornate plumage, female, right. 
Plioiograph by L. \V. Hrown<*ll. 


overhanging bough and guard tlu ir fisliing ground from encroachment 
hy other members of their species; but tlu \ may choose a jiond cjr a marsh. 
Hovering overhead niav be a marsh hawk, lor wherever there arc plant- 


<-*aiers there are also llcsh-caiers to devour them. 



one ajiproaches almost an\ pond one looks for turtles, especially if 
are logs about. One of the commonest sjkccies is the painted turtle 
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(Fig. 17:7) . Anotlicr untie (oninioii in ponds and marshes is the snapping 
turtle. 

Turning to snakes, one of the commonest in eastern North America is the 
common water snake, a dull olive creature which reaches a length of three 
or four feet. 1 hese reptiles la\ their eggs on land. 

The commonest iiogot the ponds ot eastern North .\merica is the leopard 
frog, the tadpoles ol whith usually occur in large luunbers duritig the late 
spring and summer at the end of which time they change into the adult. 
Uullfrogs and their tadpoles are not uncommon. The latter do not change 



Fig. 26:7 A perch. Photograph by John G. Shrdd Aquarium, Grant Park, Chicago, 
Illinois. 


into frogs until the second or third vear. Tadpoles arc usiiallv vegetable 
feeders ^vliilc most frogs feed on insects. 

Adults of the spotted newt arc often common in fresh-water ponds. .After 
changing from a tatlpolc resembling that of a frog and coming out of the 
uatci onto the land, this tailed amphibian spends its vouth in the forest 
as a briglii vermilion-colored salamander. Later it changes its color to a 
dull gieen atui takes again to a fresh-water pond where it breeds. 

One is inclined to think of fish as the most important inhabitants of a 
pfmd. Tile vcllow perch is often common in fresh-water ponds and small 
lakes (Fig. 26:7), It feeds on worms, insects, and smaller fishes. Perch arc 
active during the winter and arc often caiicrht through the ice. There are 
many kinds of sunfish. also called “piimpkinseeds.” Most of them feed near 
the surface on floating or swimming organisms. More interesting to the 
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fisherman are the smaU-inomhed and tlic lartrc-moiiilicd black bass. The 
small-mouthed black bass is the smaller fisli. Both sjjLxies are < arnivoi ous and 
feed on other fish. All of tlie fisIi mentioned above are \et ll jnotrtied by 
spines, and like most fishes are light-colored on the under side, wliich 
makes them less conspicuous to an enemy looking up from below. Several 
species of catfish occur in fresli water, the most widely distributed of which 
is probably the common bullhead. The name “catfish” owes its origin to 
the barbels or "feelers” which siirrouiul the mouth and arc kept constantly 
in motion as the fish swims leisurely 
over the bottom of the pond. Catfish 
are omnivorous and feed during both 
day and night. 

The most conspicuous and the 
more active of the small animals of 
a pond are the arthropods or jointed- 
legged animals. One group of these is 
the Crustacea to which the crayfish 
(Fig. 26:8) belongs. This animal 

closely resembles a small lobster and 

« 

ts one of our largest fresh-water crus¬ 
taceans. It lives under stones and 
among the roots of aquatic plants, 
feeding on smaller animals. But the 
smaller Crustacea are the more nu¬ 
merous, some of the commonest be- 
• 

ing water fleas, copepods, ostracods, 

scuds, and sow bugs. The water flea rows itself through the tvater ^vith a pair 
of relatively enormous antennae. Copepods (the name means “oar-footed”) 
little fellows with large heads, tapering bodies, and a cyclopcan eye. They 
<lart about with tantalizing rapidity, the females carrying two large egg sacs, 
one on either side of the tall. Ostracods (literally “enclosed in a shelf”) are 
small egg-shaped animals which creep over the decaying vegetation. Scuds 
^6 little, laterally compressed crustaceans wdth arched backs which glide 
through the water and cling to plants. Sow bugs look like miniature arma¬ 
dillos and crawl rather than swim. 

Equally numerous and conspicuous in and around a pond are tlie insects, 
fnsects are primarily land animals which breathe air. Those that live in 
'vater have taken secondarily to this habitat and were evolved first as air- 
hreathing animals on land, just as the flowering plants of the pond were 
first land plants. This is indicated by their mode of breathing which, like 
that of all other insects, is by means of air tubes. The insects which arc 



Fig. 26:8 A crayfish. Photograph by L. 
\V. Brownell. 
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found in ponds are usually in a larval or immature stage which is often 
quite unlike the adult which lives on land. Especially common are the young 

stages, or nymphs, of dragonflies (Fig. 
26:9), quaint creatures with the lower 
part of the mouth hinged and modi- 
lied to form a relatively enormous 
scoop with which they capture other 
small animals. The adult dragonflies 
(Fig. 15:6) are familiar objects in the 
vicinity of ponds during the late 
spring and summer. The larvae of 
various kinds of flies including mos* 
quitoes and midges may also be com¬ 
mon. Adult pond insects include; 
the water striders, called also water skaters, curious long-legged creatures 
which run over the surface of the water, kept up by surface tension; back 
swimmers, which hang from the surface with their heads downward and 
their long hind legs stretched out like 
oars; water bugs like the giant electric- 
light bug, which moves about among 
the vegetation devouring other insects 
and even young fish, and gets its 
name from the fact that it frequently 
leaves the water and is then attracted 
by electric lights; and the diving 
beetles. 

Spiders and mites, each with four 
pairs of walking legs (insects have 
three pairs), are land animals, but a 
few species have become aquatic and 
are found in ponds. 

Two groups of mollusks occur 
in fresh water—mussels and snails. 

Freshwater mussels or clams burrow 
in the sandy bottoms of small lakes, 
ponds, and the backwaters of streams. 

The snails crawl over the vegetation 
on which they feed. One kind which 

keeps near the surface breathes by means of “lungs” like a land snail and 
must come to the surface for air. Another kind breathes by means of gills 
and remains below. 



Fig. 26:10 A common fresh-water pla- 
narian. The head points upward. The two 
small dark bodies in the light areas arc 
simple eyes. Photograph by J. W. Mavor. 



Fig. 26:9 Dragonfly nymph. Photograph 
by L. W. Brownell. 
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The worms include leeches and the lube worms, which live on the bot¬ 
tom in tubes from which their bodies project and wave about. Round- 
worms abound and planarians (Fig. 26; 10) may be seen swimming througli 
the water with a graceful undulatory motion, but this group of animals is 
usually more abundant in streams. Moss animals occur in fresh water; their 
colonies, like large masses of Jelly, are often attached to floating vegetation. 
The fresh-water hydra (Fig. 2:7) attaches itself to acpiatic jdants. Its oc¬ 
currence is somewhat irregular and seasonal but it is frequently not un¬ 
common. In recent years fresh-water jellyfish have been recorded from a 

number of localities. Fresh-water sponges are found attached to submerged 
stems or dead logs. 



26:11 Diagram to show equilibrium in food relations of a lake or pond com- 
nwinity. The arrows run from the organisms used as food to those which prey upon 

them. 


Under the microscope a drop of pond water, preferably one taken from 
Dear the bottom or among the vegetation, shows a new and (juitc dilfcrent 
Vorld of life. Tiny wheel animalcules or rotifers move about among the 
filaments and leaves of the water plants. They are scarcely larger than some 
of the unicellular animals with which they may easily be confused. The 
latter are perhaps the most interesting of all the fresh-water creatures be¬ 
cause they are so strange and different from those one is accustomed to 
see with the unaided eye. They will not be considered in detail here but it 
should be noted in passing that they arc an important source of food for 
the other small animals of the pond and indirectly for the larger animals 
'vhich feed on these smaller animals. 

If a fine silk net is towed from a rowboat just below the surface a sample 
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of the plankton of the pond or lake will be obtained (Fig. 26:4). By plank¬ 
ton is meant the animals or plants which live suspended in the water and 
which are either too small or lacking in the power of locomotion to move 
about extensively under their own power. The plankton will undoubtedly 
contain a number of species of desmids, one or more species of blue-green 
algae, and small crustacea and unicellular animals. 

In a pond, as in a forest or on a prairie, there are intimate relationships 
between the different plants and animals. Food chains (Fig. 26:11) are 
maintained and each species fits into a certain place in the community. 


j 



CHAPTER 27 

Evolution 



THE EVIDENCES FOR ORGANIC EVOLUTION 

In considering organic evolution we must clearly distinguish between the 
evidences of its having occurred and its possible causes. The diflcrence 
between evidences and causes may be illustrated by a familiar example. 
Evidences that A had been at a particular restaurant would be a statement 
by B that he had seen him in the restaurant, or the finding of his gloves 
there. Causes for his having been there might be that he was hungry, or that 
he wanted to entertain a triend. We will consi<Ier in this section evidences of 
evolution. In some cases the facts which provide tliesc evidences have been 
discussed already and their value as evidence of evolution will have occurred 
already to the student. It will be valuable, however, to collect them to¬ 
gether into a systematic argument. 

A. THE FOSSIL RECORD 
(1) HOW THE RECORD WAS A^DE 
(a) HOW FOSSILS ARE FORMED 

A fossil is the actual remains of a part or all of an organism or any im¬ 
pression or trace of an organism from a previous age preserved in the earth’s 
crust (Fig. 27:1). Fossils have been formed and the preservation effected in 
a number of different ways. 

Preservation of the Actual Organism. Some years ago the body of a long 
extinct species, the mammoth, was found by a hunter in the frozen soil of 
northern Siberia. It had been in cold storage for some twenty thousand 
years. The flesh was still red. In all, about fifty such carcasses have been 
found preserved in this way. Preservation almost as remarkable is seen in 
remains recovered from oil-containing rocks where the body of an animal 
has become soaked with the oil. A fossil may form when the body of an 
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aquatic animal or plant sinks to die bottom of a lake or sea, becomes 
covered with sediment, and eventually is included in a sedimentary rock. 
In such cases usually only the skeleton is preserved, but often the outline 
of the animal is indicated by a thin layer of carbon which remains from 
the disintegration of the soft parts. The hard parts of a land animal 
drowned in a river or lake may be similarly preserved. The body of an 
organism may be buried by blown or shifting sand, or in the rain of ashes 
from a volcanic eruption, and the hard parts preserved as fossils. 

Petrifaction (Presewation by Chemical Change), In the older rocks the 
parts preserved arc usually petrified. The change may be brought about in 
a number of ways. Petrified bones are usually preserved by the pores be- 



Fig. 27:1 How fossils arc formed and buried by the formation of sedimentary rocks. 

coming filled with ?nineral matter, the hard material of the bone remain¬ 
ing intact and unaltered. Such bones are heavv and stonelike. This is a 

I 

very common method of fossilization. In another method of preservation 
the original substance of the hard part may be dissolved and replaced, often 
particle by particle, by mineral matter, such as silica or carbonate of lime. 
^Vood is commonly presersed in this way and the process may be so delicate 
that the cell walls and other microscopic structures of the wood are pre¬ 
served even after all organic matter has disappeared. Examples of this 
method of preservation are found in the petrified forests of Yellowstone 
Park. The organic matter may be changed chemically so that only the 
carbon is left. Coal consists chiefly of fossil plants fossilized in this way. 
The original tissues are often beautifully preserved. In the trees of the coal 
beds the annual rings show so clearly that it is possible to determine that 
the climate of the time was uniform, with little seasonal change. The ar¬ 
rangement and number of the stomata on the leaves can also be observed 
and indicates that the climate was humid. 
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Molds and Casts. In this case the actual organic material has been dis¬ 
solved away and a mold or cavity left in the rock. The mold may then be 
filled with material which makes a rocky cast inside the mold. In very 
rare cases, casts of soft-bodied animals such as jellylish and worms have been 
preserved. Some of the most remarkable molds arc those of insects preserved 
in amber. Amber is the dried and hardened resin of ancient conifers. Tlie 
insects became imbedded in the resin when it was soft. Later ihc resin 
hardened and a natural microscopic preparation was mailc twenty-five 
million years ago. The insect fossils arc but delicate hollow molds, the 
organic matter having disappeared. If the amber is dissolved nothing re¬ 
mains. 

footprints and Trails. Fossil footprints arc formed when an animal walks 
over soft mud or fine wet sand which afterwards becomes covered witli 
sediment and hardened. The dinosaur footprints of tlic Connecticut River 
Valley were preserved i'l this way. 

(b) CONDITIONS FAVORING FOSSILIZATION 

* 

“The Buffalo carcasses strewn over the plains in uncounted millions a 
generation ago have left hardly a present trace. The flesh was devoured by 
wolves or vultures within hours or days after death, and even the skeletons 
have now largely disappeared, the bones tlissolving and crumbling away 
under the attack of the weather.” ^ Only rarely and under special conditions 
docs an animal or plant leave fossil remains. Two conditions especially 
favor preservation: the possession of bard parts and immediate burial. 
Some remarkable fossil deposits have resulted from animals being mired 
in asphalt pools, peat bogs, or (juicksands. Rains of volcajiic ash have been 
responsible for many fine fossil deposits. Wind'bloxvn .%ands may overwhelm 
the living or bury the dead. But dry sand does not provide good conditions 
for preservation and fossils are rare in desert deposits. Waler-borne sedi¬ 
ments provide by far the commonest means of l)urial. Flooded streams 
drown and bury their victims in the shifting channel sands or in the muds 
of the flood plain. The sea floor near shore is usually covered with a loose 
shifting sediment. Here marine animals become tjuickly buried. The shallow 
water of the seashore with its abundant and varied life has provided the 
greatest number of fossils. 

(c) THE CHANCE OF A FOSSIL OCCURRING 

From the previous discussion it must have become evident that although 
there are a number of ways in which a fossil record may occur, the actual 

^Scliuchert. C. and Dunbar. C. O.. Textbook of Geology, Part II, John Wllcy & Sons, 
hic.. New York, 1933. 
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chance of any organism or even of any species of organism leaving a fossil 
record is slight. Still less, however, are the chances of that record being found 
by man. Only where rocks come to the surface through the wearing away 
of the rocks above or where a river has cut a deep gorge or in the rare 
cases where man has dug into the crust of the earth in mines or quarries, 
are sedimentary rocks available for the fossil hunter. The record which 
fossils give us of life in the past is therefore a very incomplete one. It 
has, however, one great advantage over written history. Fossils are actual 
material things which can have been changed only by physical and chemical 
forces, while written history is always colored and often falsified by the 
allegiance or prejudice of the writer. 


(d) THE FORMATION OF SEDIMENTARY ROCKS 

Everybody has seen how rocks arc worn away or eroded by the action of 
wind, rain, snow, and frost, and how from the crumbled fragments soil is 
formed. Familiar also is the work of streams and rivers in carrying this soil 
from the land to deposit it in lakes or in the sea, or in times of flood over the 
adjoining land. The ceaseless pounding of the waves on a rocky shore gradu¬ 
ally reduces the rocks, first to boulders, then pebbles, and finally to fine 
sand and mud. Material from the seashore is deposited on the sea floor, the 
coarser material near shore, the finer material farther out. Sediments de¬ 
posited in either fresh or salt water become, in the course of time, sedi¬ 
mentary rocks. 

Slow and gradual changes in level between the land and the sea have 
been proved to be in process at various places on the surface of the earth. 
Such changes in level are most easily seen and determined on the seashore. 
In some places, as on the eastern coast of the United Stales, the land is very 
gradually sinking into the sea, while elsewhere, as on the Pacific coast, the 
land is gradually rising. The sinking of the land is called submergence. 
During geological time large areas of the North American continent have 
at diflcrent limes been submerged. Such submerged areas formed large gulfs 
and inland seas and became in time covered wiih marine deposits, in which 
coarse sand and pebbles mark the ancient seashore. When later an emer¬ 
gence of this land out of the sea occurs, the sedimentary rocks tell the story 
of the submergence. 


(e) THE LAW OF SUPERPOSITION 

A river gorge or canyon (Fig. 27:2) often affords a good opportunity to 
study sedimentary rocks cut in sections. They then appear in layers or strata, 
superimposed one upon another like the layers of a cake. The different 
strata, and if the gorge is a deep one there will usually be several, are dis- 
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tinguished by the nature ol the sedimentary rocks which compose them, 
that is, whether sandstone, shale, or other rocks. From our knowledge of 
the manner in w'hich these rocks were lormcd it is clear that, in geiieial. the 
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Kg. 27:2 A view of the Grand Canyon of the Colorado 
tion of the rocks. Photograph reproduced by permission of 

Company. 

strata are arranged in the order of their ages, the >°“"Sest on top the 
oldest below. This simple and self-evident principle is called the law f 

superposition. 

(2) THE GEOLOGICAL TIMETABLE 

From the foregoing it must have become evident the roebs o 

earth's crust, especially the sedimentary rocks, contain he history of d 
changes which have occurred on its surface. At no one place ^ 
there a complete series of sedimentary rocks. Just because ‘ ^ ^ 

impossible. The complete story must be obtained by --P "g the^recorcb 

available in different localities and correlating t cm. n 

slble to construct a geological timetable. rocks is divided 

The time of which we have a record in 





TABLE 27:1. GEOLOGICAL TIMETABLE» 


ERAS 


a PERIODS EPOCHS 


FORMS OF LIFE 



Recent 


Qua¬ 

ternary 


Dominance of man 


Pleistocene Extinction of large mammals 


Pliocene 


First 


men 


Terti¬ 

ary 


Jurassic 


Triassic 


Miocene Culmination of mammals and land floras 

Oligocenc Extinction of archaic mammals; rise of anthropoids 

Eocene Spread of modern mammals. Rise of grasses 

Cretaceous Rise of archaic mammals and tirds. Extinction of 

dinosaurs, pterosaurs, and teethed birds. Spread 
of modern insects, hirst appei-rance and spread of 
flowering plants 


Spread of primitive mammals, rise of toothed 
birds, spread of pterosaurs 


Rise of dinosaurs, pterosaurs, and primitive mam¬ 
mals. Spread of cycads and conifers 

Spread of amphibians and primitive insects. Ex¬ 
tinction of trilobites and Paleozoic corals 

Spread of reptiles. Extensive forests of gigafttTc 
ferns, horsetails, and club mosses 


Spread of ancient sharks and culmination of cri- 
noids 

Rise of fishes and amphibians. First spread of 
forests 


Rise of primitive fishes (ostracoderms). Sea- 
scorpions (eurypterids). First land plants 

First primitive fishes (ostracoderms). Culmination 
of trilobites. Spread of mollusks 


Dominance of trilobites. Rise of mollusks. Brachi- 
opods 


Sponges, Protozoa (Radiolaria). Algae 

Evidence of the existence of life but no recogniz- 
____ , _ _ able fossils _ 

Schuchert and Dunbar, Hisioricai Geology, and Romer, Man and th Vn- 
lead ratio. which has elapsed in millions of years as determined by the uranium- 
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Permian 


Pennsylvanian 


Mississippian 


Devonian 
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Cambrian 
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Archeozoic Era 

I 2000 I 


354 






Art. I THE EVIDENCES FOR ORGANIC EVOLUTION 355 

into five of unct|uai tluration. 1 he lust or oKlcst era is called the 

Archeozoic, or era of primitive lile. the secoiuh the Proterozoic, or era ol 
early life, the third the Paleozoic, or era of antieiu lile. the lourth the A/rs- 
ozoic, or era of mediexal or middle lile, and the fifth aiul to tlate the last, 
the Cenozoic or era of modern life. 1 he eras are divided into ptoiods 

(Table 27:1). 

It is now possible to determine with consitlerable accinacy the age of 
rocks and so the age of the strata in which they occur. The method is based 
on the known rate at which uranium becomes transformed into lead. 

It may be said that throughout the period of the earths histoiy repie- 
sented in the table the climate and other conditions were not ladically 
different from those of recent times and were favorable to the existence of 

life. 


(3) THE RECORD 

(a) THE ARCHEOZOIC AND PROTEROZOIC ERAS 

With the possible exception of one or two doubtful cases no fossils have 
been found in Archeozoic rocks. In rocks of the Proterozoic era fossils have 
been found which are said to be the remains of algae which surrounded 
themselves with a precipitate of calcium caibonate. .-\lgac of this nature 
are common reef-forming organisms today. In these rocks arc also the re¬ 
mains of Protozoa (Radiolaria) and sponges. The highest type of life repre¬ 
sented is that of wormlike creatures recorded by trails and burrows. 1 o 
this short list of definite fossils should probably be added the carbon which 
occurs in black shales and slates and the graphite (also carbon) which 
occurs in beds interspersed between sedimcntaiy locks. A\hcncNer, in 
rocks, carbon occurs either in beds as in the case of coal, or disseminated 
through the rocks as in that of black shales, its presence can be traced with 
certainty from microscopic or other evidence to the preMons presmice of 
plant or animal tissues which were buried with the sediments forming the 

rocks. 

When it is remembered that the Archeozoic and Proterozoic eras repre¬ 
sent together probably at least two-tbirds of tbe time c uring whicb condi¬ 
tions on the earth were likely to base been suited to the existence o fe_ 
the geological record seems meager in the extreme. It must 

that the probably primitive organisms of these eras nmy r"ck 

skeletons or otherLrd parts wbich could form fossils, and that he rock 

in which they were buried were in most cases submitted to 

exerted by the overlying rocks and to high temperatures, conditions which 

make fossilized material unrecognizable. 
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(b) THE PALEOZOIC ERA 

I'licrc is c\ iticiuh a great gap in the record between the Proterozoic and 
the Paleozoic eras. In tlie Paleozoic for the first time fossils are numerous 
and well preservetl. from the ditn past, lile bursts upon the scene in great 
variety. Most of the plula of the plant and animal kingdoms make their 



Devonian (Middle Paleozoic) marine life from New York State. On 
the left IS a large crinoid, or sea lily (Phylum Echinodermata). The body of the animal 
IS pear-shaped and attached by a long stalk to the ocean floor; the arms are attached 
1 ^ float out toward the right. The appearance of the whole animal 

^ r T ^ popu ar name of “sea lily.” Surrounding the stalk of the crinoid 
" front of these and partly buried in the sand is a trilobite (Phylum Arthro- 
1 ! I ^ dorsals pines. In the foreground near the trilobite several 

T shell with ornate flanges is that of 

'inne^r (Phylum Mollusca) which is attacking a trilobite. Still other trilobites 

inollii^tU ^ ^ 1 *^ near the right margin is the spiny shell of a gastropod 

mollusk. Photograph of a reconstruction in New York State Museum at Albany. 


appearance. In the Early Paleozoic, life seems to have been entirely aquatic. 

le recoid shows the existence then of great inland seas. The dominant 
creatures in these seas were the trilobites, a group of crustaceans now long 
extinct. Although some of them reached a considerable size, most were 
small creatures between one and three inches in length (Fig. 27:3). It 
is an interesting commentary on the history of life upon the earth that 
these small arthropods dominated the inhabited world for a period more 
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lhan one hundred times as long as that which has seen the dominance of 
man. Next to the tiilohiles in abundance came llie hrachiopoch, molliisk- 
like, shelled creatures of small si/e. Abundant in the early rocks of this eia 
are fossils of a reef-building form believed to represent a primitive coial, 
and in slightly later rocks of the same era are fossils of true coials. Some 
remarkably well-preserved fossils from the mountains of British Columbia 
show many species of Crustacea and worms in such fine detail that delicate 
microscopic hairs and the outlines of internal organs can be seen. 

Among the most interesting of the fossils found in the later rocks (Or¬ 
dovician) of the Early Paleo/oic arc fragments of bony plates which have 
been identified as the armor of small, fishlike creatures called ostyacode)ms. 
No fossils of either land plants or land animals have been found in Early 

Paleozoic rocks. 

The first unquestionable records of land plants come from rocks of the 
hiiddle Paleozoic. The earliest of these fossils were the remains of fernlike 
plants, but the first abundant and well-preserved fossils of land plants repre¬ 
sent gymnosperms, a group of plants represented today chiefly by the coni 
erous trees. The Middle Paleozoic is best knotvn for its fossil fish. It may e 
tailed the Age of Fishes. These were ebiefiy of two kinds, sharks and lung- 
fishes, the latter being provided with an air bladder which could be nsec 
a lung. All were simple tvpes with cartilaginous skeletons. In many respects 
they were more like what we would expect the ancestors of the higher ver¬ 
tebrates to be than are the modern fishes. Certain of the lungfis les reac le 
a length of twenty to twenty-fivc feet and were probably the most formula- 

ble animals of the time. , . . 

The great coal beds from which most of our coal is obtained are a con¬ 
spicuous feature of the Late Paleozoic. They represent in most cases ancient 
peat bogs which became submerged and covered with sedimentaty loc s. 
They were deposited at a time when there were great .swamp lands wi h 
forests of fast-^-’ing, soft-tissued, fernlike trees and a dense undergrowth 
of smaller fer^ike pints. The trees were very different front those exist- 
ing today. Tall, graceful treeferns with large leaves rose to a heigh of Mty 

feet. ThI scale-trees were the largest plants of these ^ V 

grew to a height of one hundred feet and a diameter of six 

is due to the Lge and conspicuous scars which their leaf bases upon tl c 

trunk. The forerunners of the modern conifers were J 

slightly taller but more slender than the .scale-trees. Their '^“^jid t e 
shape of blades and not needles like the pine trees of today. No fossil 

flowering plants have been found in ,iancd. 

In the Late Paleozoic a great migration f ‘ record 

Land snails, spiders, and insects appear for the first lime in the fossil 
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Most remarkable were the insects (Fig. 27:4). Some four hundred or more 
different species are known, but they were strange and primitive forms 
usually quite unlike any of those living today. It is, however, the amphibian 
fossils that characterize the Late Paleozoic and cause it to be called the Age 
of Amphibiatis. Eighty-eight different species are known from North Amer- 



Fig. 27:4 Photograph of a fossil of a primitive insect from the Early Permian period 
(Late Paleozoic era). The wing spread of this insect was over two feet. Reproduced by 
permission of the Peabody Museum of Yale University. 


ica alone. They were nearly all small sprawling creatures, many only a 
few inches long. Tlte largest were about ten feet over-all. Reptiles appear 
for the first time upon the scene. Most of the fossils represent long-bodied, 
long-tailed, and short-legged creatures. 

(c) THE MESOZOIC ERA 

The fossil plants of the Early Mesozoic, like those of the end of the 
Paleozoic, were ptcridophytes and gymnosperms. but they had a somewhat 
more modern aspect, and we begin to recognize a resemblance to existing 
groups. Because tlie most characteristic plants of this time were the cycads 
this has been called the Age of Cycads. They were large palmlike plants 
with huge divided leaves classified as gymnosperms. No fossils of flowering 
plants occur. 

A thousand or more species of insects are known from the Early Mesozoic 
and most of the modern orders are represented. It is doubtful whether any 
of the fossils represent moths or butterflies, insects which in general depend 
for their livelihood upon flowering plants. 
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Fossils of bony l.shcs appear lor the lust ante i.t the liarly Mcso/oic but 
they are rare compared with those of sharks and the ancient relatnes ol the 
sturgeon. Lunglrshcs became rare. .Mnplnbians were lairly numerous at the 
beginning of the Early Mesozoic and reached a large size, one loan having 
a length of fifteen to twenty leet and a skull lour leet long. .Mter this they 



which lived in the creiaceou: 
reconstruction made under lh( 
ites National Museum. Repro 


Pig. 27:5 An enormous flying reptiU 
period (Late Mesozoic era). From a pi 
direction of Professor S. P. Langley in 


duced by permission. 


tUn end of the Tiirassic period and 
gradually declined, becoming rare at t 

never again becoming prominent. The picture which the 

Th. i. .b„,c .11 ‘;.;;l',:„,TiJi,i........<i.t»" 

laborious excavation and restoiatio _„rlians ibc most romantic that 

gigantic creatures has given to the world " j’; ’ they 

science has to offer. .Suddenly, as tt small begin- 

ovcrwhelmed the earth and dramatize „i,icnce and reached their 

nings in the Late Paleozoic they rose into pronnnence 

culmination in the middle ,,,e principle called adaptive 

The reptiles of the Mesozoic wc adaptively in three direc- 

radialion. The reptiles of the Mesozoic ladia.cd adaptnc y 
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tions, the dinosaurs or “terrible lizards” went out over the land, the ptero¬ 
saurs or “winged lizards” went into the air (Fig. 27:5), and the enaliosaurs 
returned to the home of their ancestors, the sea. 

Although reptiles dominated the scene in the Mesozoic, birds and mam¬ 
mals had already made a beginning in the early half of the era. The earliest 
known bird. Archaeopteryx, was about the size of a crow but in some respects 
was more reptile-like than birdlike. The beautifully preserved fossils of this 
animal show that it was covered with feathers and, therefore, was a bird, but 
it had claws on its wings and teeth in its beaklike jaw's. The earliest mam¬ 
mals, which are represented by fossils in rocks of the Early Mesozoic (Trias- 
sic), were small animals no bigger than a mouse or rat and were primitive 
forms. 

Flowering plants appear in the rocks for the first time in the Late 
Mesozoic. They seem to have become abundant rather suddenly, since by 
the end of the period they were the dominant group of plants. The species 
were different from those existing today, but in some cases the genera were 
the same and we find the fossils of such plants as oaks, elms, maples, figs, 
palms, and grasses. 

(d) THE CBNOZOfC ERA 

The Cenozoic is the era in which we live. During the time which it in¬ 
cludes, the surface of the land accjiiired most of its present features and the 
continents their present contour. 

We have already seen that the flowering plants attained a dominant posi¬ 
tion among plants toward the end of the Mesozoic. This position they have 
maintained with certain changes to the present time. During the early part 
of the Cenozoic, forests of such trees as the maple, fig, and cypress occurred 
as far north as Greenland and Spitzbergen, indicating that the climate of 
North America and Europe was in general milder than it is today. Al¬ 
though grasses are very seldom found fossil there is, in the grinding teeth 
of many of the mammals of the time, good evidence of vast, grass-covered 
prairies. The deciduous trees, herbs, and grasses provided a new environ¬ 
ment for all kinds of land life. 

The modern bony fishes predominated, but sharks of great size, up to 
sixty or eighty feet in length, were abundant as shown by their fossil teeth 
in rocks of the period on the east coast of the United States. 

The Cenozoic is the Age of Mammals. The beginning of this era, the 
Eocene epoch, saw the rise of the archaic mammals and the first rnammaliati 
adaptive radiation. These animals came to occupy the various habitats and 
modes of getting a living left vacant by the extinction of the dinosaurs. 
Some of the archaic mammals reached a large size and attained a consider- 
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able degree of specialization, yet the group as a whole retained three im¬ 
portant primitive characters: Their teeth were simple and relatively un¬ 
differentiated, indicating that they had not become adapted to a particular 
diet; they walked on the soles of their fore and hind feet, both of which 
had five digits, the primitive number, indicating that they had not become 
adapted to a particular habitat; their skulls contain a relatively small 
cranial cavity, with an especially small portion for the cerebral hemispheres, 
indicating that the brain was small. By the next epoch, the Ohgoccne. 
many of the modern orders of mammals had become established and most 
of the archaic forms h,ad become extinct. In the Miocene mammals reache 
the height of their development. Horses, camels, rhinoceroses, and giant 
pigs were abundant, various kinds of rodents and carnivoies were present. 
An ape allied to the gorilla occurred in Europe and Asia. During the 
Pliocene, mastodons, great elephant-like creatures, migrated from Europe 
to North America across a land bridge which then connected Alaska and 
northern Asia. Rhinoceroses were particularly abundant in Nebraska. 

The latter part of the Cenozoic. including the Pleistocene and Recent 
epochs, is known as the Age of Man, for in this period man appears upon 
the scene and becomes the dominant form of life. During the leistocen 
the Northern Hemisphere underwent a .series of glacial stages or ice ages 
separated by warmer interglacial stages. Four of these glacial stages separated 
by three interglacial stages are recognized. The Recent epoch in which wc 
now live follows the last of four glacial stages and, for all wc know, m y 

be merely a fourth interglacial stage. 

At the time of its greatest extent, the great ice cap which -'ered North 

America extended over all of Canada, the Great Lakes New England, New 

York State, and through Ohio, Michigan. Indiana, Illinois. W-onsin^ and 

Minnesota to the banks of the Ohio and Missouri rivers, ^hts^ m^ 

sheet of ice was, in all probability, similar to that which 

today. The interglacial stages occurred when the ice cap 

the north and left a fertile land with a climate at times milder than 

During the Pleistocene the mammalian fauna of 

varied in size and type as that Alaska to Siberia, 

moths ranged over the ice. imbedded in 

These animals were so numerous that t • Parrh^r south 

the frozen soil of the Arctic, provide half the world s ivory. Fa«he sout 

a number of different species of buffaloes 

ten species of horses grazed upon the grasslands. On ‘hese gazing anima 
a multitude of caruLres preyed, wolves, foxes, bears, the giant^ saber 

toothed tiger with a tusk six or eight inches in lengt , an m y 
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There are no certain records of the presence of man in North or South 
America during the Pleistocene. For the earliest traces of man, as for so 
much of his subsequent history, we must turn to the Old World. The fossil 
record of man and the primates is the subject of a special chapter (Chap¬ 
ter 28) - 

(4) SUMMARY OF THE FOSSIL EVIDENCE 
During the first two eras, the Archeozoic and the Proterozoic, which 
represent two-thirds of the total time represented, the fossil record shows 
the existence of only such primitive forms as the Protozoa (Radiolaria) 
and the Poritera (sponges) . In the Early Paleozoic there burst upon the 
scene (the bursting took a hundred million years or so) the great adaptive 
radiation of tlie trilobites. In the Middle Paleozoic appear the first land 
plants and the first true fishes, the latter showing in the Devonian a great 
adaptive radiation of cartilaginous fishes and lungfishes. In the Late Paleo¬ 
zoic amphibians became abundant and the first reptiles appeared. In the 
Mesozoic occiirred the great adajnivc radiation of reptiles. In this era the 
first birds and the first mammals appeared and insects and flowering plants 
became common. The Ceno/oic saw the first adaptive radiation of modern 
mammals. Towards the end of this era man appeared. 

From the point of view of evolution this record shows certain very in¬ 
teresting features. Of great significance is the order in which the different 
groups are found in the geological record. First appear the Protozoa and 
Porifera, next the other groups of invertebrates, then, and only then, the 
vertebrates. The order in which the vertebrates appear is especially sig¬ 
nificant since the record is so complete. The order was: fishes, amphibians, 
reptiles and, almost simultaneously, birds and mammals. In general it may 
be said that the order in which the different groups of plants and animals 
appear in the geological record shows a gradual advance from simpler plants 
and animals to more complex plants and animals, which is what would be* 
expected if evolution occurred. 

Of almost equal interest is adafytwe radiatio7i. The fossil history of most 
groups of animals and plants begins with a few, often small, primitive forms: 
tlien adaptive radiation occurs, they begin to invade new areas, and to be¬ 
come differentiated into new species and genera adapted and specialized to 
meet the new conditions. Eventually the earth becomes overrun with a 
multitude of new forms, all conforming more or less to the main structural 
plan of the original primitive type. Striking examples of adaptive radiation 
are to he found in the case of the trilobites, Devonian fishes, Mesozoic rep¬ 
tiles, and archaic and modern mammals, but the story is the same wherever 
there is an extensive record of a group. It may be added in passing that there 
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is usually only one adaptive radiation of any group and that after this has 
reached its climax the group tends to decline in numbers of species. It 
svould be interesting to know what the next great adaptive radiation is 

going to be. , 

The progress of life upon the earth-ihe march of cvolut.on-has not 

been steady and even, no more than have the geological changes, wit i 
which it has been associated, progressed abvays at the same rate. During 
certain periods, particularly those in which great adaptne radiations oc¬ 
curred, dte progress of evolution has been fast and the realm of life has 
rapidly expanded. During other periods when conditions seem to 
less favorable to Us ing things progress was slow. This alternation of pc loc 
of more rapid with periods of less rapid evolution of life upon the earth h, 

been called the pulse of life. 


B. GEOGRAPHICAL DISTRIBUTION 

Investigation has shown that in most cases the present distribution of 

species, genera, or even larger groups ^^tiTl!: ett;;s smface, 

plained by assuming that they arose at ccrtai i 

S.VC .r,- 2' rs Z": 

now inhabit. A striking example of tins a /p irml i'i which 

evolution at work is found in a certain genus of sntu s ( . 

are found in the valleys between mountams o^^^ 

ov„ n„. - .SC- 

subspecies differing in size, .shape, and .,(fected by the presence 

The distribution of animals and pUnu is ^ ,,, 

of barriers. These are of many is'" '' ^ animal a river, 

habitat of the plant or animal consi or ^ ^ 

a lake, or an arm of the sea is a ■/^’.^^Jr^Liise of the changes in 

tains are barriers for most /Lack of food or the presence of 

climate which occur as they are ^„„rmecl within the 

enemies may constitute bairiers^ . p possible to show by trans¬ 
barriers which apply to them “ 'ho"^ Levond the barrier provides 

porting them over the barrier th, 1 „£ species into 

a suitable environment. Barriers no , other species. There 

... b.. .b., .b™..... 22,",:,I,o.... 

species; animals or plants which live in f ' ^ .,,ed, 

different from the parent stock from which they became p 
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The effect of barriers is seen in the kinds of plants and animals which 
live on oceanic islands. The Galapagos Islands offer an interesting example. 
These islands are situated on the Equator between five and six hundred 
miles off the west coast of South America. They were discovered in the early 
sixteenth century. Darwin visited and explored them in 18*^5 on his voyage 
around the world and the\ have since been visited and explored by a 
number of scientific expeditions. 

“The archipelago is a little world within itself, or rather a satellite at¬ 
tached to America, whence it has derived a few stray colonists, and has re¬ 
ceived the general character of its indigenous productions. Considering the 
small size of these islands, we feel the more astonished at the number of 
their aboriginal beings, and at their confined range. Seeing every height 
crowned with its crater, and the boundaries of most of the lava-streams still 
distinct, we arc led to believe that within a period, geologically recent, the 
unbroken ocean was here spread out. Hence, both in space and time, we 
seem to be brought somewhat near to that great fact—that mystery of 
mysteries—the first appearance of new beings on this earth.” ^ The plants 
and animals on these islands are clearly the descendants of such forms as 
could have found their way or been transported by natural agencies to the 
islands. “Of toads and frogs there are none: I was surprised at this consider¬ 
ing how well suited for them the temperate and damp upper woods ap¬ 
peared to be. ^ The explanation is given by Darwin in the Origin of Spe¬ 
cies: As these animals and their spawn are immediately killed (with the 
exception, as far as is known, of one Indian species) by sea water, there 
would be great difficulty in their transportal across the sea, and therefor we 
can see why they do not exist on strictly oceanic islands. But why on the 

theory of creation they should not have been created there, it would be 
very difficult to explain.” * 

T he effect of isolation in leading to the formation of new species is well 
shown on oceanic islands. “Although terrestrial mammals do not occur on 
oceanic islands, aerial mammals do occur on almost every island. New Zea¬ 
land possesses two bats found nowhere else in the world: Norfolk Island, 
the Viti Archipelago, the Bonin Islands, The Caroline and Marianni archi¬ 
pelagoes, and Mauritius all possess their peculiar bats. Why, it may be asked, 
has the supposed creative force produced bats and no other mammals on 
remote islands? On my view this question can easily be answered: for no 
terrestrial mammal can be transported across a wide space of sea. but bats 

1 Darwin. Charles. Journal of Researches into the Natural History and Geology of the 
Countries Visited during the Voyage of H.MS. Beagle round the World. John Murray, 
London. Second Edition. 1879. 

3 Darwin, Charles, The Origin of Species by Means of Natural Selection, or the PreservO' 
tion of Favored Races in the Struggle for Life, John Murray. London, Sixth Edition. 
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can fly across. Bats have been seen wandering by day far over the Atlantic 
Ocean.’' ^ Hence we have only to suppose that such wandering species have 
been modified in their new homes in relation to tlicir new environment. 
When introduced by man, many groups of mammals thrive in these islands. 
Rabbits introduced from Europe have become a serious pest in New Zea¬ 
land. 


C. EMBRYOLOGY 

Embryolog>' proxidcs txvo lines of exidence for tbe occurrence of evolu¬ 
tion. In studying the early development ot the starfish in Chapter 24 it 
became dear that the starfish in its development passes through a stage, the 
gastrula, xvhich resembles, in its simple saclike stiuciuie xxith tx\o cel ayer', 
an adult hydra. The embryos of amphibians, reptiles, birds, and mammals 
pass through fishlike stages in xvhich more or less xvell dexeloped gills appeal. 
Even the human embryo shoxvs clearly at an early stage rudiments ol gills 
in the form of outpocketings on either side of the pharynx. Thus it may be 
said that organisms repeat in their development stages xvhich to a cc.ta.n 
degree resemble the adults of species similar to the species Irom xvhich they 
may have been evolved. The second line of evidence comes from compaiatixe 
embryology. When the embryos of animals of different groups are compine 
it is Lund that the more nearly the aduhs resemble each othei in 
fundamental plan of structure the more nearly do their embryos resemble 

each other, especially in the early stages. 


D. HOMOLOGY 

Organs or other bodily structures in individuals of txvo 
are said to be homologous xvhen they shoxv the " 

same relation to the oth. organs of^ r oL^rU^ 

embryological origin and development ( g- ) (ivinp- con- 

serve such different functions as walking, running, swum g^ 

structed on the same plan? ^Vhy do the wings of a bat ^ 

bones as the fore feet of a dog, or 

whale breathe by means of lungs in g.adually be- 

explanation is descent from a ' features, these fundamental 

came modified while retaining fundam ^ i fprl without interfer- 

features being such as could not ; ,,, ^at the frame- 

mg with the vital '^/'^.^aual elongation of the bones of 

work for the wing arose as a lesun oi 5 


' rbid. 
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the fingers rather than from the development of an entirely new bony 
structure adapted from the beginning to flight. 

Again when the wing of a bat is compared with that of a bird, why the 
marked difference? The bat was first a mammal and then a bat; the birds 
are descended directly from the reptiles and became independently adapted 
to flight. Feathers are shown by their development to be highly developed 



Bear Cat Horse 


Fig. 27:6 Homology and adaptation to locomotion in the mammalian hind limb. 


reptilian scales. The bones of a bird’s wing, while showing the type of 
structiiie characteristic of a vertebrate forelimb, arc markedly different 
from those of a bat. Why are there no bats with feathers and no birds with 


batlike wings? Absurd, you 
of evolution. 


say. Xo, only inconsistent with the principle 


E. VESTIGIAL ORGANS 

Almost every animal and every plant has hidden away somewhere in its 
anatomy one or more organs which seem to serve no useful purpose, but 
which novel theless continue to be developed generation after generation. 
1 he human body is not without its quota of these vestigial organs: the ap¬ 
pendix, the little toe, the coccyx, and in most cases the wisdom teeth. Ves- 
tigitil hind limbs occur in the python in the form of two small bones on 
each side, one bone representing the sacrum and the other the femur. From 
the distal ends of the femur project two small claws which just show be¬ 
tween the scales surrounding tlie anus. The slug, which is often a pest in 
greenhouses, is a mollusk which appears to be without a shell. There is, 
howevei. a small, thin, horny plate, the vestige of a shell, imbedded in the 
llesh ol the doisal side. The best explanation of the occurrence of vestigial 
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organs seems to be that they are the degenerate remnants of organs which 
once had important functions. 


F. COMPARATIVE PHYSIOLOGY 

The physiological processes in different species of animals can be com¬ 
pared just as their structures can he compared. .Such processes as digestion, 
assimilation, excretion, respiration, and man) otheis are fundamentally 
the same in most vertebrates. Similar comparisons could he made hetiveen 
animals of other groups. Careful studies of teitain gioups of animals ha\e 
shown that the relationships which their stiuctural characters indicate 
the same as those which are indicated by the degree of similarity between 
the chemical and physical processes which go on in their bodies. 

2. THE MECHANISM OF EVOLUTION 
A. GENERAL CONSIDERATIONS 

The idea of evolution as a process of unfolding and development of 
organic forms probably dates from the time men first l.epu, to think about 
the relations between the different kinds of plants and animals and how 
they came to exist upon the earth. The writings of the ancient Greeks . 

Romans 3nd of the scholars of the Renaissance contain " ' 

lations on the origin and nature of life, which approach some ol the mod¬ 
ern biological theties. The attempt to discover the mcc/umnm o ei ohe 
tion, that is, the exact way in which natural processes ^ 

about the development of new species, application of 

teenth century, more than two cfiiturics 

the scientihe method to physical phenomena. .ntrnfliirtion 

The man who, beyond all others, was responsiMe for the " ■- 

of the scientific metLd of observation and deduction into the udy o 

evolution was Charles Darwin, Before considering Ins J " 

that we may better appreciate what he did we will first consider that 

Lamarck. 


B. LAMARCK'S THEORY 

Lamarck expounded his theory in a speculative work 
2oo,ogi,„e published in 1809. Lamarck’s ^ 

.ILe tJ Of ^ost of his conteitM-aries, wa. vi^t-. - ^ 

<lifferen7f?o“m a^y of the'^physical forces which operate in the inorganic 
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world. In the Philosophie Zoologique his theory is developed in the form 
of a series of "laws” which might be more appropriately called postulates. 

First Postulate. Life, by its own elforts, tends continually to increase the 
volume of every body which it possesses and to increase the size of its parts 
up to a limit which life itself determines. 

The idea that growth is a characteristic of living matter is stated in an 
early chapter of this text. Lamarck states it, however, from a vitalistic point 
of view. We know today that growth is the result of internal and external 
forces, of the interaction of the organism with its environment. 

Second Postulate. The formation of a new organ in the body of an animal 
is the result of a new need which has arisen and continues to be felt by 
the animal and of the new activity which this need initiates and prolongs. 

This is directly contrary to the evidence furnished by embryology. For 
example the vertebrate eye starts to develop in the vertebrate embryo long 
before there is any need for an eye and the eye of mammals develops in the 
darkness of the uterus. How could an unborn animal feel the need of an eye? 
Further theie is no evidence that a mother can transmit the feeling of need 
to her offspring, especially before the latter has a functional nervous system. 

Thud Postulate. The extent of development of organs and their power of 
action is proportional to their use. 

This postulate expresses the fact that use tends to increase the develop¬ 
ment of an organ in an individual and lack of use to degeneratiem—a fact 
which no one will dispute. 

Fourth Postulate. All changes in, or acquisitions to, the bodily organisa¬ 
tion of an individual during its life are transmitted by the process of re¬ 
production to its descendants. 

This is the feature of Lamarck’s theory which has received most atten¬ 
tion. It is commonly called the inheritance of acquired characters. That 
such characters may be inherited has always had a strong appeal to the 
popular imagination. The facts do not support this theory, and it may be 
doubted whether such a plastic mechanism would in the end lead to any 
great advances or progressive evolution, for disadvantageous as well as ad¬ 
vantageous characters can be acquired and under the theory would be in¬ 
herited. The theory of Lamarck fails to give an adequate explanation of 
the mechanism of evolution because the postulates on which it is based 
cannot be accepted in the light of present knowledge. 


C. DARWIN'S THEORY 

Charles Darwin expounded his theory in The Origin of Species by Means 
of Natural Selection or the Presen)ation of Favoured Races in the Struggle 
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for Life, published in 1859. Simuliancously and independently, Alfred 
Russel Wallace reached the same conclusions as Darwin, but as Darwin 
developed the theory in greater detail and alter a vast accumulation of 
facts, the theory is usually associated with his name. As in the case of 
Lamarck*s theory, the theory of natural selection can best be discussed as 

series of postulates and conclusions. 

First Postulate—Variation. Individuals of the same species differ and often 
the differences concern structures important lot the individuals. 

Second Postulate-Overproduction. In most cases more individuals are 

born tlian will survive. . ... 

First Conclusion-Struggle for Existence. In order to survive, an inch- 

vidual must compete with other individuals. 

Third Postulate-The Surrdval of the Fittest. In this competition those 

individuals which are best adapted to the environment will 

Fourth Postulate-Inheritance. The lit individuals pass their fitness on to 
their descendants. This does not imply the inheritance of acquiree c 
acters, since the fitness may not have been acquired by t le in ivic iia 

may have been due to variation (First Postulate) - curvival 

Second and Final Conclusion. Keu, species arise by the ” 

and reproduction of the individuals best fitted or adapted to the partici 

now proceed to consider these postulates and conclusions in more 

detail. Variation is most apparent to us in mankind, -nen ° 

our own race and in domesticated animals. No doubt the ^un n spec.es . 

a very variable one and the animals and plants under 
- to show great variety. Nevertheless, it must be remembered that m^ o 
us are mSe familiar with the characteristics of man and domestic an ma^ 

than with those of wild animals. Studies of d.fferen 

mals and plants have shown that they also are variable t'mt ^Por‘ 

differences'^ may occur between the members of “'e same Pec. . The^ f 

ficulty is to decide which variations are of survival - 

variations place the animal or plant at an a vantage 

for food, protection against ’‘/wung individuals must be 

The fact that there is an overpi produces during the breeding 

evident to all. For example a female c ^^^^P become fertilized, 

season on the average six million eggs 
This means that for every pair 0 ^° 

are laid, and if all of tiie.se reached ^ „, 3 tter of fact, 

sea would be increased three million times countries interested 

rather careful records are kept by the although the abundance 

in commercial cod fishing and it is known that although 
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of this fish varies somewhat from year to year it is probably on the de¬ 
crease rather than the increase. 

It should be emphasized that the struggle for existence which Darwin 
considered such an important factor in evolution does not necessarily im¬ 
ply the idea of a combat between individuals, but merely competition. For 
example, birds which by strength of wing or skill in maneuvering may have 
avoided death in a storm may know naught of their weaker fellows who 
perished. 

Darwin’s Origin of Species appeared six years before Mendel published 
the results of plant-breeding, which inaugurated the modern study of hered¬ 
ity. I he bearing of the present knowledge of heredity on Darwin’s theory 
of natural selection will be discussed in a later section. 

On the whole it may be said that the logic of Darwin’s reasoning and the 
army of facts which he brought to support it have withstood eighty years 
of bitter and violent criticism. 


D. DE VRIES'S MUTATION THEORY 

The study of evolution since Darwin's time has been directed mainly to 
the investigation of variations and their inheritance. In 1886 Hugo de 
Vries began a long scries of experiments on various wild and cultivated 
plants which led him to propound his “mutation theory” in 1905 in a book 
entitled Species and Varieties, Their Origin by Mutation. Many of de 
Vries experiments were conducted on the evening primrose, Oenothera 
lamarckiana. By transplanting wild plants of this species to his garden and 
breeding them, dc Vries obtained many new types which differed to an ^ 
extent which led him to call them new species. It has been shown that de 
Vries was somewhat unfortunate in the species which he chose for experi¬ 
mentation and that some of his “new species" were due to the segregation 
or breeding out of recessive characters present in the germ plasm of the 
wild type rather than to mutations. 

E. THE ORIGIN OF SPECIES IN THE LIGHT OF PRESENT 
KNOWLEDGE 

(1) VARIATIONS WITHIN SPECIES 

Variations within species take two main forms: variations that are not 
inherited and that are usually attributed to an effect of the environment 
and variations that are inherited and are hence due to changes in the heredi¬ 
tary material. Variations that are not inherited arc not regarded as playing 
any direct role in the formation of new species and therefore will not be 
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considered here. Inherited variations arc the result of cither mutatmns, 
that is, changes in the heredity material, or rcassortment of the hereditary 

material already present. 

The .mutation theorv of de Vries referred to above may be applied again 
here. As stated there the plants rvith tvhicli de Vries worked are believed to 
have been hybrids and the "new species" which he described to have been 
the result of the reassortment of hereditary characters already present m 
the parents rather than of mutations. Nevertheless, mutations now are be¬ 
lieved to provide the main source of the hereditary differences between 
species. In considering whether mutations can or cannot provide the raw 
material for natural selection certain questions arise. 

(a) ARE THE DIFFERENCES BETWEEN SPECIES DUE TO MUTATIONS? 

Obviously it is not possible, by present methods, to make tins 
tion in all or even a large proportion of the known species, if for no o her 
reason than that most species will not interbreed or if they do inter re^^^ 
produce sterile hybrids. However, in some cases it has been possi i 
that certain of the differences between species depend on leie > ^ 

acters which obey Menders laws and therefore ^“^^^Sarcled as m tatmns. 
An example is found in two species of primrose. The flower of the Can 
casian primrose. Primula luliae. has a purple pigment in ns ^aP and n 
pigment in its plastids, while another species. Primula acaul.s, 

it in having, among other characters, a yellow pigment in P “ 
no pigment in its sap. XVhen the two species are crossed the 1 br d has^ botl. 

pigments. When the hybrid which is f^i.e but not - 

l^r'vii: tl.e purple l^.-nt m t. sap^.e 

obtained, showing that in this ’'“h its own pollen. 

dominant. When the hybrid is selfcd, < . • i , «;thpr r>itnnent 

. • iiw. offsorine are without either pi^neiu, 

approximately one m sixteen of the ■] K ^ plastids also 

which is what would be expected if t le > * I n^it-inces is the in- 

behaves as a simple dominant. Probably only m 

heritance of the characters “t^rs are due to one or 

indicated. More usually it „e true of the char- 

more series of multiple favors. 1 • ^ 

acters which serve to distinguish the I 

myscus. 

(M A,S ^ 

In many cases it is not possi indifferent, or disadvantageous 

Whether a given character is advantag 
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for the life and reproduction of the individual. It may safely be said that 
most of the mutations discovered in breeding experiments are obviously 
disadvantageous to the individual under its normal mode of life. This is 
well shown in the mutations discovered in fruit flics. Nevertheless^ a few 
mutations are known to be advantageous. An example is found in a race of 
vermilion-eycd fruit flics which was able to establish itself in considerable 
numbers in the wild state in competition wdth wild-type fruit flies. An¬ 
other example is the mutation from single-brooded, that is, giving one brood 
a year, to double-brooded in silkworms. Again the matter is probably seldom 
so simple as it appears in the above examples. A mutation may be advan¬ 
tageous in one environment and disadvantageous in another. Two muta¬ 
tions each disad\antageous when alone may, when combined, produce a 
type showing advantages over tlie wild tvpe. 

(2) SELECTION 

Artificial selection as practiced for centuries by breeders of plants and 
animals must be distinguished from natural selection, a term used by Dar¬ 
win for a process which he believed to be operative in the formation of 
new species in the wild state. In artificial selection in most cases the num¬ 
ber of individuals dealt with is necessarily v'cry small compared with 
the number in a species in the wild state. Also the period of time during 
which selection has been practiced even in the case of the oldest domes¬ 
ticated animals or plants (five or six thousand years) is extremely short 
when compared with the geological time available (perhaps a million or 
more years) for the evolution of a new species in nature. Further, selection 
as practiced by man has had for its purpose the production of types which 
cither appealed to his particular fancy or were useful as food. Thus the 
characters which have been selected were not necessarily such as would 
prove advantageous to the species in a wild state. This has obviously hap¬ 
pened in the case of certain breeds of dogs. It is therefore not possible to 
apply directly the results or conclusions from artificial selection in breed- 
ing practice or experiments to a discussion of natural selection. 

Some direct observations have been made which seem to show that nat¬ 
ural selection occurs. The subject of one such set of observations was a 
common species of crab, Carcinus maenas. On a certain shore in England 
where this ciab is abundant, a breakwater was constructed which led to an 
increase in the silt in the water in which the crabs lived. Measurement of 
the carapace of crabs caught during a period of years after the building of 
the breakwater showed that the width of the carapace had decreased rela¬ 
tively to the length of the body. Crabs were also placed in aquaria con- 
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taining silty water anti it was found that the individuals which survived 
had relatively narrower carapaces than those wiiicli died. Presumably tlie 
narrower carapace was correlated with smaller openings to the gill cham¬ 
bers and this in turn reduced tlie amount of silt reaching the gills. 

A number of observations on dillerent sjjecies have shown that individuals 
with certain characteristics tend to outlive other individuals lacking these 
characteristics or having tliem in a greater or lesser degree, but in most 
cases it has not been possible to show how the particular characters aid oi 
oppose the survival of the indivitlual. However, the possession of a very 
slight advantage or disadvantage by certain members of a group of oigan- 
isms may, in a long time, have a great eileci on the proportion of such in¬ 
dividuals in the group. Further it seems probable that natuial selection 
may occur as a result of the selection of just such slight advantages oi the 
rejection of slight disadvantages. 


F. SOME GENERAL CONSIDERATIONS 

It should be emphasi/cd that the process of evolution is a very compli¬ 
cated one, infinitely more complicated than the simplifications necessitated 
by an elementary outline would indicate. Not only is the oiigin of each 
species usually the result of a multitude of small changes, many times re¬ 
asserted and delicately adjusted to the organism as a whole, but the origin 
of the larger divisions must have been proportionately more complex. 
Through it all, the actual changes seem to occur at random and only by 
a sort of trial and error do they become established. Attempts to visuali/e 
the process in a so-called tree of life or in lines of descent fail to give a 
full picture and are often misleading. Rather than resembling a tree the 
descent and modification of organisms resembles a fine irregular network 
spread out in all directions and showing a coarser pattern in which separate 
species, genera, and higher divisions may appear and disappear. Looked 
at in a cross section representing an instant in the long course of geolog¬ 
ical time, each form seems fixed and permanently arranged, but seen in 

perspective all is changing and no form remains peimancnt. 

The thoughtful student will also ask whetlier random mutation, isola- 
lion. and namral selection, which seem suffu ient to cause species to change 
and new species to arise, were also able to bring almut those ma|o. (hangts 
Which once produced the different phvla, and whether any process depen 1- 
ingon random mutations could have built up organisms as ^ 

the higher plants and animals. At present no satisfactory direct «"s^ei ca 
be given. That long cons of time and billions of individuals are nnohed 

is not in itself an entirely satisfactory answei. 



CHAPTER 28 

Early Mon 


1. THE ZOOLOGICAL POSITION OF MAN 

A compaiison of the structure of the human body with that of other 
animals shows tliat man should find a place in a zoological classiheation. 
He has already been placed among the placental mammals in the order 
Primates. Except for the cerebral cortex, the Primates are a relatively primi¬ 
tive and generalized order. Anatomical specialization in the mammals has 
tended to affect particularly the limbs, including the feet, and the teeth. 
The limbs have been modified in response to the requirements of locomo¬ 
tion. the teeth in adaptation to the diet. The limbs and teeth of primates 
show primitive characters. Both fore and hind limbs have five digits, which 
IS the primitive number found in amphibians and reptiles. There is a com¬ 
plete set of fairly numerous teeth, none of which is highly specialized. 

The Primates are divided into two suborders: the lemurs and the mon¬ 
keys (Fig. 28:1). The lemurs are small, furry, arboreal animals with long 
tails, in appearance somewhat intermediate between a squirrel and a mon¬ 
key. Lemurs are most abundant in Madagascar, but are also found in 
tropica] Africa and some of the islands of the East Indies. Related to the 
lemurs is the aye-aye, a nocturnal animal about the size of a cat. 

The monkeys arc more highly organized than the lemurs. The monkeys 
are divided into two groups, the fiat-nosed and the curved-nosed. The flat¬ 
nosed monkeys inhabit South and Central America. They have flat noses 
with the nostrils directed forward, long prehensile tails, and small thumbs. 

The curve-nosed monkeys are found in the Old World. In them the nose 
IS curved and the nostrils arc directed downward. The tail when present 
IS not prehensile, and the thumb is well developed and can oppose the other 
digits. This group includes the macaques common in zoological gardens, 

the baboons, and the anthropoid apes. Man is most nearly related to the 
anthropoid apes. 
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There are four kinds of the anthropoid or manlike apes, which are 
placed in one family. In all of them the tail is rudimentary or absent 
and the arms are longer than the legs. 1 lie gidl^orts aie the smallest 
and most primitive. I he arms are of such a length that they reach the 
ground when the animals walk upright, which, however, happens only 
occasionally since these creatures are arboreal and use their long arms 
to swing from tree to tree. They are omnivorous but feed chiefly on 



Gibbon 


Marmoset 


Aye-aye 

ancestral primates 

Kg. 28:1 Relationships of the by Robert W. 

The Macmillan Company. 

fniits. The orangutang ucc^and°ft^^^ crude nest 

lively long arms like the gibbons. It In ,e-tlking it uses its fore- 

by arranging broken branches in a crotc t. consists exclusively 

limbs and places its knuckles on the groun ' . home upon the 

of fruits. The Mmpa.zre is a but seldom to trees, 

ground, while the gorilla is a ground- avc shorter than in the 

In the chimpanzee and gorilla the arms a 
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gibbons and the orangutang. In general the chimpanzee and gorilla are less 
specialized for an arboreal life. Their brains are comparatively well de¬ 
veloped and the animals appear to show the beginnings of the human type 
of mentality. 

» 

Man is placed in a special family, the Hominidae, which includes the 
single living species. Homo sapiens. He differs from the anthropoid apes 


Eor- 


Foramen | 
magnum j 
posferior \ 

Lorge lower |aw 


__Sagittal crest — — —_ 

g *^orehead low and narrow —— 

leavy supraorbital ridges- 

rbits far apart and square- {r(~~ ) 

Nasal arch low and flat--- A y 

^.^Prognathous jaws.-^ I /f(l\ \ 
^Canine teeth large and /TT*' 


Foramen^ 

mognum 

ventral 

Small lower jow'^ 


_-.-Sagittal crest greatly...^ ^ 

reduced or absent 

^-'"Forehead high and brood^ 

^-•Supraorbitol ridges usually 

much reduced T'^- 

/-Orbits near together —_^ 

and rounded Xf ^ J 

. '^'Nasol arch hlah--^ ’ > 


Cheek bones 
large and 
wide 


Chin 


'^'Nasol arch hlgh- 
and prominent 

'''Retracted jaws " 

''Canine teeth small 
and do not project 


9h 


Chin 


Fig. 28:2 The skull of a gorilla compared to a human skull. 

chieffy in his adaptations to life on the ground and his larger brain. (The 
physical features of the apes and man are compared in Fig. 28:2 and Table 
28:1.) Life on the ground in this case has involved the adoption of the 

TABLE 28:1. A COMPARISON OF THE STRUCTURAL FEATURES OF 

THE ANTHROPOID APES AND MAN 


r » 

Cheek bones 
smaller and 
narrower 


ANTHROPOID APES 

(family simiidae) 

Cranial capacity ^ under 600 cc. 
Jaws large and project forward 

No chin 

Spinal column in a single arch 

Anns longer than legs 

Big toe can oppose other digits 

^This is the volume of the cranial 


MAN (homo sapiens) 

(FAMILY HOMINIDAE) 

Cranial capacity average. 1400-1500 cc. 

Jaws smaller than in apes and not projecting, 
making face nearly vertical 
Chin in living species 

Spinal column has four distinct curves in living 
species 

Legs longer than arms 
Big toe not opp>osabIe 

cavity. It indicates roughly the volume of the brain. 
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erect posture and walking on the hind legs only. The erect posture has 
brought about modifications in the head, trunk, and limbs. The head be¬ 
comes balanced on top of the neck, the spine curved, the hips bioadened 
to support the body, and the foot elongated and arched. 1 he hands have 
replaced the jaws in defense and offense. All of the different living races of 
men are regarded as belonging to one and the same species. As we shall 
see later there previously existed other species of the genus Homo and other 

genera of the family Honiinidae. 

The classification discussed in the text is shown below: 


Phylum Chordata 

Subphylum Vertebrata 
Class Mammalia 

Subclass Eutheria (Placental mammals) 

Order Primates 

Suborder Anthropoidea (Monkeys and Man) 
Group Caiarrhini (Curve-nosed monkeys) 
Family Hominidae 
Genus Homo 

Species sapiens 


Hence it is probable that man and the anthropoid apes had a commo 
ancestor, although there is considerable difference o£ opinion as to how 
far back in the genealogical tree of the Primates that ancestor is to , 

Various parts of the world have been given by different at.thoritie 
distinction of being the "cradle of the human race." but there seem 
doubt that it must be sought in the Old World and most V - 

some part of southern Asia or perhaps Mongolia, ^rom ^ome such cenmr 

occurred the adaptive radiation of the primitive mem ers 

„ J .1 .he ....h" The e. < e,,ee 

this adaptive radiation was already far advance e ore 

of human existence at present known were deposited in the 

shall see in a later section the earliest evidences of man are widely scattered 

over the Old World. 


2. FOSSIL PRIAAATES 

Unfortunately for the study of the origin of man fo-ljecord the 

Primates is a meager one. This is not surpnsing w forests 

existing Primates, and undoubtedly “ ““ partkularly unfavorable 
and rocky country under conditions w ic familv undoubtedly 

.. .h. pL™,o’n o> 

arose in the Old World and did not reach the N 
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ti\ely late in its history, the Primates as a group probably arose on the 
American continent, since the earliest known fossils of Primates come from 



Second Glacial Stage 


the Early Eocene of western North America. 
Here they increased in numbers, differenti¬ 
ated into different species, and apparently 
migrated from North to South America and 
from the New to the Old World. This is to 
be concluded from the fact that their fossils 
arc aljsent from the later tleposits in the 
United States and appear in deposits in 
Frtincc anti Stvit^erlantl. From Europe the 
Primates moved into Asia and Africa and 



began to differentiate into the various 
groups of Old World monkeys and apes. 

3. THE GEOLOGICAL HISTORY OF 

MAN 

A. THE NATURE OF THE RECORD 

Prehistoric man has left an extensive and 
interesting record. This record consists not 
only of bones and in many cases complete 
skeletons, but also of many of the tilings he 
used and worked upon in his daily life. 
Fortunately for the student of today these 
early men made many of their implements 
of flint and stone, and many have been 
preserved as fossils. 

B. FOSSIL MEN 


Fourth Glacial Stage , . 

OQ <2 T' record begins in the Pleistocene. As 

o:"d: sL;:: 27. the neisto. 

The dotted areas represent the por- consisted of four ice ages or glacial 

lion under the ice cap. By permis- stages separated by three interglacial stages. 

>^no^Wedge of Pleistocene man 
Henry Fairchild Osborn. Copyright been obtained from European deposits 

1915 by Charles Scribner’s Sons. die dating of these deposits depends 

upon the careful study of the movements of 
the great glaciers which covered the northern half of that continent dur¬ 


ing the four glacial stages (Table 28.2, p. 380). 


The extent of the ice 
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cap in the last three glacial stages is shown in tlie maps (Fig. 28:3). 

Although the presence of worked Hints in tlte Pliocene seems to show 
tliat man in some form existed in this epotli, the earliest human lossils 
come from deposits which arc regarded as belonging to the Pleistocene 

(Table 28:2). 

Two types of primitive early fossil men are known from the Middle 
Pleistocene, the Java ape man, Pithecanthropus crcctus, and the Peking man, 
Sinanthropus pekingensis. The lust fossils of Pithecanthiopus weie found 
fifty-six years ago, in 1892, on the bank of a river in Central java near 
the town of Trinil, and consist of a skullcap, a left femur, ami three teeth 
found at one location and a lower jaw found in similar deposits twenty-five 
miles away. The beds in which the fossils were found are assigned to the 
Middle Pleistocene. More recent excavations on the bank of the same river, 
but farther upstream near the town of Sangiran. have yielded three more 
skullcaps, one very well preserved, a lower jaw aiul an upper jaw; and at 
Modjokerta in Western Java the skull of a baby which is bclic\ed to be on^ 
to the same tvpe has been tonncl. Thus Pithecanthiopus erectus is repre¬ 
sented by r.ve skulls, a few long bones, and a number ol teeth. 1 he lossils 
of Sinanthropus all come from an ancient cave at the village of Choukoiiticn 
about thirty miles from Peking (Pciping) in North China, an were un¬ 
earthed during the period between the First and Second W orld \ ars. The 
deposits in which they were found are assigned also to the middle I leis.o- 
cene. About fifty individuals, male and female, adult and jusenilc, are lej 

resented. Of none of them is there an entire skeleton, a 
represented by teeth only. Strangely tlic remains consist chiefly ol sku 

fragments, limb hones occurring only as fragiiicius o seven ‘'’8 ' ’ 

and one arm hone. There is no evidence of burial. They may have h e let 
there by a group of head-hunters. The fact that in most cases the ha e of 
the skuU is broken, giving access to the cranial cavity, suggests cann.ba sim 
The skulls may have been opened to extract the brain, which may have 

been regarded as a delicacy. Jt'^‘ « preserved to form a basis for 

About four of the skulls are sufficiently ^ p 

ought to be placed in the same genus . 1 h ive become 

The original names are retained for 

established in the literature, ‘ ,..,,Torhi.al ridges pro- 

in the region between the ears. He .1 I 

tect the orbit. The posterior or «« H ^ ‘^1; skulls, ii.dica.iug 

foramen magnum is more poslci loi i * 



TABLE 28:2. THE ACES OF MAN i 



380 


1 Based on A Textbook of Cenhfry, Part U—Historkal Geology, by Charles Srhnchert and Carl Dunbar. Third Edition. Copyright 1933 

by Cluirlcs Schuchcrl and Carl Dunbar. Published by John Wiley & Sons, Inc. Modified to conform to Weidenrich, F. in American Anthro¬ 
pologist, Vol, 42, N. S.. 1940, p. 375. 
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that the head projected forward. The lower jaw shows that there »vei3 
chin. The teeth, although human in character, resemble those of the man¬ 
like apes, and there is a wide space between the canine tooth and the first 
premolar. The average cranial capacity of the skulls of Pithecanthropus is 
about nine hundred cubic centimeters. While little is known of the rest of 
the skeleton, what is known seems to point to a strong, heavy-set body of 

medium height and an upright posture. 

Crude stone implements in the form of axes and scrapers attest to 
the employment of tools, while black ashes and burned bones indicate 
the use of fire and the cooking of food. Casts of the cranial cavity of 
Sinanthropus show a marked development of that region of the brain 
which in modern man has been shown to lodge the motor center for speech. 
This fact would seem to indicate that he was capable of verbal communica¬ 
tion. 

A discussion of the human fossils from the Early and Middle Pleistocene 
would be incomplete without mention of a remarkable skull found at Pilt- 
down in the south of England in a stratum which the geological evidence 

seems to show definitely belonged lo the Early Pleistocene (first 
The fossils have been made the basis for the description of a special human 
type to which the name Eoanthropus dawsoni has been given. e ' 
Consist of cranial fragments and most of a lower jaw. T lere appears s 
doubt whether all of the fragments belong to the same individual, and as 
the cranial fragments do not fit together there has been much disci _ 
of attempts to reconstruct the skull. However, certain features ’ 

The skull is very different from that of Pithecanthropus or S>nanthrop^ 
the cranium is high, the supraorbital ridges are not so prominent and the 
cranial capacity il considerably larger (Fig- 28:4E) According to one im 
vestigator the fragments of the cranium “cannot be ^ ^ 

of modern man either in their general form or m 
The Piltdown skull therefore presents an enigma: either g g 
anatomical findings are not correct or there existed in England during 

early Pleistocene a rather highly evolved type o 

All of the types of fossil men been'^placed in the genus 

W that is, after ‘thrmodern races of men belong. Nearly all 

Dusseldorf, Germany, where one of th remarkably complete and 

Since this discovery, fifty or more skeletons, Europe Asia and 

well preserved, have been unearthed in different parts 
Africa, so that Homo neanderthalensis is known to have existed in Belg 
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Fig. 28:4 The skull of a fossil ape Australopithecus and skulls of fossil men. By per 
mission from Man and the Vertebrates by Alfred Shenvood Romer. Third Edition Copy 
right 1941 by the University of Chicago. Published by the University of Chicago Press 
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Germany, France, Spain, Italy, Croatia. Crimea, Palestine, Syria, Arabia, 
Iraq, and Rhodesia. 

A comparison of the skeletons of Neanderthal men, women, and childicn 
with the skeletons of modern men, women, and children (1 able 28:3) 

TABLE 28:3. A COMPARISON OF THE AN IHROPOID APES. NEANDERTHAL 

MAN. AND MODERN MAN 


ANTIIROWID APES 
(FAMILY SIMIIDAE) 

Cranial capacity undci fiOO cc 

Posterior portion of brain rel 
aiively large 


No chin 

Spinal column in a single 
arch 

Arms longer than legs 

Big toe can oppose other 

digits 


nkanderthal man 

(HOMO NE.VNUKRTHALENSIS) 

Cranial capacity average. 
1100 -l()00 cc. 

Anterior portion of brain 
not so large nor so highly 
dc\elopcd as Homo sa¬ 
piens 
No chin 

Spinal column slighily 
cu rved 

Legs longer than arms 
Big toe held at an angle 
to line of fool 


NtODERN MAN 
(HOMO sapiens) 

Cranial capacity average. 

n()()-i’>oo cc. 

Anterior portion of brain rcl 
aiivcly large 


Chin 

Spinal column has four dis 
tinci curves 
Legs longer than arms 
Big toe not op|)osal>le 


shows that the former were of lower stature, the adults being larely o c 
five feet four inches and probably averaging less than five feet, but^ 

heavier build so that the average 


weight may have been ctiual to or 
greater than that of the a\eragc 
man or woman of today (Fig. 

28:5). 

Neanderthal man was suc¬ 
ceeded by Homo sapiens, the spe¬ 
cies which includes all the races 
of modern man. The race which 
appeared in the Late Pleisto¬ 
cene is called Cro-Magnon, the 
name of a cave in the Dordogne 
in France, where five skeletons 

were found. The Cro-Magnons 

were a handsome race of people 
and would compare favorably 
with any of the existing races of 





Gorilla 


Neanderthal Australian 
Man Bushman 


Fie. 28:5 Comparison of the skeletons of a 
Rorilla, a Neanderthal man, and an Ausyalian 
bushman. The scapula has been omitted from 
the* Neanderthal skeleton. 


men. The skeletons, of which athletic build 

many have been arc remarkably large. The 

wuh strong muscles. The ^ ,beek bones, and wide jaws 

face was broad, with large eyes fai apa . g 

(Fig. 28:6). The cranial capacity and thcrelo.c the s./c 
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have been equal to if not greater than that of the average European of to¬ 
day. T licre were prol>abl\ other races ol Homo sapiens in existence at the 
same time as the Cro-Magnons, but they are imperfectly known and need 
not concern us here. 


















Java man 


Neanderthal man Cro-Magnon mon 


N™ndcrfhaUrr“Tr "> Pithecanthropus, 

andt rthal man, and Cro-Magnon man. Restorations bv J. H. McGrc-or based^on 

the skulls and tl.c attachments of the facial muscles. Reproduced by permission from 

a photograph supphed by the American Museum of Natural History ^ 

It will not be necessary to consider the fossil men from the Recent Epoch 
smee then- skeletons do not diller front those of the existing races of men. 

C THE CULTURAL AGES OF MAN 

Man is distinguished from the anthropoid apes not only bv his anatomical 
structure but also and more conspicuouslv by his use of tools and his social 
organization. .So far as is known his first tools were of stone. It is fortunate 
for the prehistonan that early man used stone implements because such 
implements may be preserved almost indermitelv on or in the giound or in 
caves. Indeed stone implements provide the onlv record of the earliest men, 
and even later, when skeletal remains are available, stone implements are 
more numerous and better preserved. This has led archeologists and pre- 
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historians to use the stone iinplenients to distinguish a series of cultures 
and to classily early man by liis culture rather than by his pliysical features. 
Ihe word "culture” is geiieially usetl to include the sum total of all the 
activities and achievements of a people, but in this connection it is chiefly 
based on the types of stone implements. On this basis four main stages or 
ages are recognized in the evolution of mankind and are named, Ijcginning 
with the earliest. Eolithic, Paleolithic, Neolithic, and the Age of Metals, the 
last being the age in which we now live. Within each age diflercnt cultures 
can be differentiated. In general the cultural ages do not correspond to 
geological epochs nor to particular species of fossil men. 


(1) EOLITHIC CULTURE 

The Eolithic age, or Dawn Stone Age, probably corresponded in duration 
to the latter part of the Pliocene epoch. No human skeletal remains can 
with certainty be assigned to deposits of this epoch. The evidence for the 
existence of man at that time consists of certain rude stone implements 
discovered in various parts of the Old World, chiefly in England, France, 
Egypt, and India. Numerous chipped flints of various shapes and sizes 
found in the east and south of England in beds undoubtedly of the Pliocene 
epoch provide the best evidence. There has been .some discussion as to 
whether the chipping was the work of human hands or merely the accidental 
effect of the rubbing and hitting of stones in the bed of a stream or else¬ 
where. At present the consensus of expert opinion is that at least certain 
of these flints must have been the handiwork of man, and therefore that 
man existed in the Pliocene. ^Ve know little of the mode of life of these early 
men beyond the character of the country in which they lived and the ani¬ 
mals with which their existence was associated. During the time in which 
they must have lived, England had a warm, moist, temperate climate, and 
was a land with forests and meadows where grazed elephants, horses, and 

cattle. 


(2) PALEOLITHIC CULTURE 

The Paleolithic, or Old Stone Age, corresponds to the Pleistocene epoch 
and lasted, according to the chronology adopted in this text, for about a 
million years. Men of this culture have left an interesting record extending 
over a long period of time and .scattered over many parts of the Old 
World. The record begins with certain stone implements, still rude but 
yet more carefully worked than those of the Eolithic. These are mostly 
flints made into definite shapes and used for particular purposes (Fig. 
28:7). Some are recognized as hand axes, others as scrapers and borers. 
The latter were probably used in preparing hides and in making tools from 



EARLY MAN Ch, 28 

bone. Such implements have been found in Europe, Asia, and Africa. 

The lecord left by man during the latter half of the Pleistocene, includ¬ 
ing the third interglacial and the beginning of the fourth glacial, is suffi¬ 
ciently detailed and extensive to give a fairly definite picture of the life he 
led. Since the skeletons and stone implements are usually found in or near 
caves, the men of this culture are frequently called cave men. It is probable, 
however, that the greater part of their lives were spent in the open, and that 
in any case they lived at the entrance of caves rather than in them. At the 
entrances to the caves and in the near-by shelters formed by overhanging 
rocks are found the ancient hearths where they made fires for cooking and 
probably also for warmth and to keep away wild animals. They were great 



Chipped side Smooth side 



Chipped side Smooth side 


U Lde’L , fl‘nt implements from Le Moustier, France. Each 

the left il h “ff f™"' a nodule. One side, that shown on 

to re^ln ,h “'^1 ^ ^harp edge, while the other side is allotved 

the two implements is 
^"'^helette, by pemtission from A/rn of th. 


hunters, and the bones found in and around the hearths show that they 

hunted the mammoth, rhinoceros, wild horse, bison, wild cattle, giant deer, 

and in later times the reindeer. The bones were made into implements and 

the hides were undoubtedly used for various purposes. The stone imple- 

nients show great variety and testify to a more varied life than that of the 
previous culiurcs. 

These men buried their dead. The deceased was carefully laid in a sleep¬ 
ing position and with him were buried flint implements and food. It is 
worth while to pause and think what this implies: first, belief in a life 
hereafter; second, the expression of that belief in a burial ceremony. In 
other words, these early men were beginning to look and to think bevond 
the material necessities of bare existence. The skeletons of the men of this 
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culture, many of which have been prcscrvcU as fossils, arc of the Neander¬ 
thal type. 

Paleolithic culture reached its peak toward the end of the Pleistocene 


when Homo sapiens came upon tlic scene in the form of the Cro-Magnons. 
The birth of art is seen in the decoration of small personal objects, orna¬ 
ments, and implements of stone, bone, and ivory, and in drawings, en¬ 
gravings, paintings, and bas-reliefs on the walls of caverns and grottos. 
Never before or since has man made such beautilul spearheads and Hint 

knives. 


(3) NEOLITHIC CULTURE 

The Neolithic is often termed the Age of Polished Stone Implements be¬ 
cause the people of this age were the fust to use grinding and polishing 



Fig. 28:8 Stages in the manufacture of the Neolithic stone axe. A rough axe B, axe 

chipped ready for polishing; C. axe par.ly poibhed; D, ^ 

permission from Mm oj thr Old Slom Their Ermronmenl, Uje md An by Henry Fa 

field Osborn. Copyright 1915 by Charles Scribner’s Sons. 


as a method of shaping and sharpening stone and flint (Fig. 28:8). How¬ 
ever, Neolithic culture dilfers in many and more important ways from that 

of the Paleolithic. , 

The Neolithic Age began and ended early in Egypt, Mesopotamia, and 

Persia, occurred at a later date in western Euiope, and pcisistec ^ ^ 

American continent up to the time of its discovery and settlement by wh.te 

First among the achievements of the Neolithic peoples must be placed 
asricnlture and the domestication of animals. When and where these arts 
arose cannot be stated with certainty. .Xgricdtnre may have been dis¬ 
covered in the valley of the Nile in prehistoric Egypt, s.e 
barley and other cereals were cultivated there in very early times. F 
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there it may have been introduced into Mesopotamia and Persia and later 
to the rest of the world. The barley and other cereals cultivated in Egypt 
were the native wild species. Wheat and barley were introduced into west¬ 
ern Europe from the Mediterranean region. In Egypt the domestication of 
animals came after the discovery of agriculture. The first animal to be do¬ 
mesticated was probably the dog, but on prehistoric stone reliefs cows, 
asses, horned sheep, and goats are shown. Geese and ducks are also known 
to have been domesticated. 


Paleolithic man lived in small, more or less isolated groups. The people 
of the New Stone Age tended to collect in larger groups, forming tribes. 
Some of these tribes were composed of pastoral peoples with herds of sheep, 
goats, and cattle. These people moved with their herds over the grasslands 
and lived in temporary shelters. Since they are constantly on the move, 
such people must carry their few possessions and can practice only those 
industries requiring simple etjuipment. Such groups remain relatively small 
in numbers and develop only a simple social organization. Other tribes be¬ 
came farmers, cultivating grains and fruit trees. These people adopted 
permanent abodes and built huts or mud houses according to the materials 
available. The need for protection caused them to build their dwellings in 
villages or towns. The occupations of peoples living in villages and towns 
tend to become specialized, and private property accumulates and comes to 
be recognized. All this leads to an increasing complexity of social organiza¬ 
tion. Thus the practice of agriculture may be said to be the chief cause 
of civilization (the word “civilization" comes from the Latin root “civilis,” 
meaning a citizen or one capable of enjoying the privileges of a city). 

The problem of man’s antiquity on the American continent is now engag¬ 
ing the interest of archeologists. Finds of flint spear points with the remains 
of extinct animals near the small town of Folsom in New Mexico have made 
it seem probable that man was present in the Southwest and probably else¬ 
where on the American continents at least eight thousand to ten thousand 
years ago or perhaps twice as long ago. The "Folsom points," as they are 
called, are equal in the quality of their workmanship to the finest flints of 
the Paleolithic in Europe. This would seem to indicate that the men who 
made them had reached a fairly advanced stage of culture. The American 
Indian as the white man found him when he discovered the continent is 
generally regarded as being in a Neolithic stage of culture comparable to 
the Neolithic of Europe. 

Recently a fossil skeleton which the geological evidence shows to be 
probably at least ten thousand years old has been found in Mexico. The 
skeleton, which is that of an adult male. Homo sapiens, differs in certain 
details of the skull from that of a modern man. 
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(4) THE AGE OF METALS 

Strange as it may seem, metals were long used for jewelry and to bring 
luck to the wearer before they were used in the manufacture of tools and 
weapons replacing stone. Doubt exists as to where metals were first dis¬ 
covered; some prehistorians favor Eg)'pt, some Asia Minor, and some Persia. 
The first metal to be discovered seems to have been gold. This was followed 
by copper. Copper w'as probably discovered through the accidental heating 
of copper ore in a fireplace. Copper as found in Egypt is hard and suitable 
for making cutting instruments. It was soon found that tin added in small 
quantities to copper produced an alloy, called bronze, w'hich is much harder 
than pure copper. The discovery spread far and ^vidc and gave rise to the 
Bronze Age, The great poems of the Greek poet, Homer, the Iliad and the 
Odyssey, described life in the Late Bron/e Age. The shield of the hero 
Achilles was of bron/c inlaid with silver and gold. Iron was a rare metal to 
the ancients and in the beginning was used for jewelry. A necklace found in a 
pre-historic grave in Egvpt had iron beads alternating with gold. The Iron 
Age of archeologists, however, does not begin until iron began to replace 
bronze for tools and weapons. The Iron .\gc seems to have begun about 
the same time, namely betw^een 1300 and 1200 b.c. in Egypt and Mes¬ 
opotamia. For a considerable period both bronze and stone implements 


continued to be used with those of iron. 

It is beyond the scope of this text to carry the story further into recorded 

history. 


4. SOME GENERAL REAAARKS ON THE EVOLUTION OF MAN 

Certain general features of the evolution of man become obvious from 
the data presented in this chapter. Most conspicuous is the extreme slow- 
ness with which man’s physical form has evolved. Yet the rate of this evolu¬ 
tion is not particularly slow when compared with other mammals, for ex¬ 
ample the horse. If .he term “man" is restricted to the genus Homo it may 
be said that man began his existence about half a million years ago In 
the beginning there may have been a number of different species, then, 
gradually, as the result either of extinction or amalgamation, these species 

became reduced in number until only one lemained. 

Until quite recently man’s cultural and social evolution has been also 

extremely slow, perhaps slower than the evolution of his ^ 

him about half a million years to discover agriculture and learn to live in 

larger groups. Following this his cultural and social ' 

ceedingTy rapid. As yet there has been no noticeable change in the struc- 
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ture of man, including his brain, in the period since the beginning of 
civilization, which was probably not more than ten thousand years ago 
in Eg\pt and a much shorter time in the case of western Europe. The 
evolution of social life and its development into various types of civiliza- 
tiori, which must be regarded as the most outstanding characteristic of 
modern man. appears therefore to be primarily not a matter of the evolu¬ 
tion of the individual and the formation of new species. The forces which 
produce and the pnnciples which govern the evolution of societies and the 
origins of new civilizations would appear, therefore, to be different from 

those which are involved in the evolution of individual organisms and the 
formation of new species. 



Appendix 





A Synoptic Table 

of the Plant and Animal Kingdoms 


THE PLANT KINGDOM 

Phylum ThaJlophyta or thallus plants 
Subphylum Algae 

Class Cyanophyccae or blue-green algae 
Class Chlorophyceae or green algae 
Class Phaeophyceae or brown algae 
Class Rhodophyceae or red algae 

Subphylum Fungi 

Class Schizomycetes or bacteria 
Class Phycomycetes or algal fungi 
Class Ascomycctcs or sac fungi 
Class Basidiomycetes or basidium-forming fungi 
Phylum Bryophyta or mosslike plants 

Class Hcpaticae or liverworts 
Class Musci or mosses 
Phylum Pteridophyta or fernlike plants 

Class Filicineae or ferns 

Class Equisetineac or horsetails 

Class Lycopodineae or club mosses 

Phylum Spermatophyta or seed plants 

Class Gymnospermae or naked-seeded plants 

Class Angiospermae or flowering plants 
Subclass Dicotyledoneae or dicots 
Subclass Monocotyledoneac or monocots 


the animal kingdom 

Phylum Protozoa or single-celled animals 

Class Sarcodina or pseudopodia-formmg protozoa 
Class Mastigophora or flagella-bearing protozoa 

Class Infusoria or ciliated protozoa 

Class Sporozoa or parasitic, sporc-forming protozoa 

Phylum Porifera or sponges 

Phylum Coclenterata or saclike animals 

Class Hydrozoa or simple hydra-like amma s 
Class Scyphozoa or more highly evolved jellyfish 
Class Anthozoa or sea anemones and corals 
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Phylum Platyhelminthes or flatworms 

Class Turbellaria or planarians 
Class Trcmatoda or flukes 
Class Cesioda or tapeworms 
Phylum Nemathelminthes or roundworms 
Phylum Rotifera or wheel animalcules 
Phylum Bryozoa or moss animals 
Phylum Brachiopoda or lamp shells 
Phylum Echinodermata or echinoderms 

Class Asteroidea or starfishes 
Class Ophiuroidca or brittle stars 
Class Echinoidea or sea urchins 
Class Holothurioidea or sea cucumbers 
Class Crinoidea or sea lilies 
Phylum Mollusca or mollusks 

Class Amphineura or chitons 
Class Gastropoda or snails and slugs 
Class Cephalopoda or cephalopods 
Class Pelecypoda or bivalves 
Phylum Annelida or segmented worms 
Phylum Arthropoda or arthropods 

Class Crustacea or aquatic, water-breathing arthropods 
Class Trilobita or fossil arthropods related to the Crustacea 
Class Chilopoda or centipedes 
Class Diplopoda or millipedes 
Class Insecta or insects 

Class Arachnoidea or spider-like arthropods 
Phylum Chordata or chordates 

Subphylum Vertebrata or vertebrates 

Class Cyclostomata or jawless fishes 

Class Chondrichthyes or cartilaginous fishes 

Class Ostcichthyes or bony fishes 

Class Amphibia or amphibians 

Class Reptilia or reptiles 

Class Aves or birds 

Class Mammalia or mammals 

Subclass Prototheria or egg-laying mammals 
Subclass Metatheria or pouched mammals 
Subclass Eutheria or placental mammals 


I 



Glossary 


Not all of the technical terms used in the text are included in tins glossary. 
\Vhen a term is not found there the text slioiild be consulted through the 
index. This should also be done when more detailed information is desired, 
since the definitions in a glossary arc necessarily brief and approximate. 

In representing pronunciation only short (^) and long (") vowels have 
been indicated. In words with two accented syllables the minor accent (') 
is printed in lighter print than the major accent (''). The spelling, pronun¬ 
ciation, and etymology follow JVeOster’s \('w iTiternatiotjal Dictionary^ 


1947. The definitions, however, apply 
terms arc used in this text. 

adaptation (ad'ap-ta'shun, L. ad^ to; 
Optus, fit). The adjustment of an organism 
to its environment. A structure or function 
particularly fitted to a special environ¬ 
ment. 

adductor (a-duk'ter, L. ad, toward; ducerr, 
to lead). A muscle which pulls a part to¬ 
ward the long axis of the body or two 
similar parts toward each other. 

aerobe (a'er-ob, Gr. afro, air; bws, life). 
An organism which requires free oxygen 
to maintain its living processes. 

alga (al'ga, L. alga, sea weed). Any plant 
of the subphylum Algae, chlorophyll bear¬ 
ing thallus plants. 

aiimeutary (al'i-men'ta-ri, L. alimentum, 
food). Pertaining to food or its digestion. 

allantois (al-lan'to-is, Gr. alias, sausage; 
eidos, form). An embryonic membrane 
formed from the hind gut of the embryo in 
reptiles, birds and mammals and function¬ 
ing as a respiratory organ and a reservoir 
for excretory products. 

allele (al-lel'). Same as allelomorph. Sec 
next item. 


particularly to the sense in which the 


allelomorph (al-lc'Io-morf, Gr. allelo, re¬ 
ciprocal; morphe, shape). Either of a pair 
or any of a number of alternative heredi¬ 
tary characters. 

alternation of generations. The regular 
alternation of a sexual with an asexual 
generation. 

alveolus (al-ve'o-lus, L. alveolus, a small 
cavity). A small cavity or chamber in an 
organ or organism. 

amino acid (a-me'no, signifying derived 
from ammonia). Any organic acid which 
contains the amino group NH^. 

amitosis (am'i-to'sis, L. a, without; miios, 
thread). A relatively rare form of cell divi¬ 
sion which docs not involve mitosis. 

amnion (am'ni-6n, Gr. the membrane 
round the fetus). The innermost embryonic 
membrane of reptiles, birds ajid mammals. 
Also used for the embryonic membrane of 

insects. 

amoeboid (a-me'boid, Gr. amoeba; eidos, 
like). Pertaining to amoeba, usually ap¬ 
plied to a movement of protoplasm similar 
to that seen in amoeba. 
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anaerobe (an-a'er-5b, L. an, not; aero, 
air; Gr. bios, life). An organism which 
does not require oxygen for the main¬ 
tenance of its living processes. 

anaphase (an'a-faz, Gr. ana, up; phasis, 
appearance). That part of the process of 
mitosis during which the halves of the 
split chromosomes separate and move to 
opposite poles of the division spindle. 

antenna (an-ten'na, L. antenna, a feeler). 
A sensory appendage. Usually applied to 
certain appendages in the arthropod head. 

anterior (an-ter'i-er, L. ante, toward the 
front). Situated toward the head end or 
the end usually kept forward in locomo¬ 
tion in an animal. 

anther (an'ther, Gr. anthros, blooming). 
The part of the stamen which contains 
the pollen sacs or microsporangia. 

antheridium (an'ther-id'i-um, Gr. anther 
-b idion, a Gr. diminutive ending). The 
organ in a plant from which sperms or 
antherozoids arise. 

antibody (an'ti-bod'-i, Gr. anti, against + 
body). A substance formed in an or¬ 
ganism which counteracts the effect of the 
introduction of a foreign protein, or a 
protein not normal to the organism. 

anus (a'nus, L. anus, ring). The opening 
at the end of the alimentary canal, to the 
exterior or into the cloaca. 

archegonium (ar'kc-go'ni-um, Gr. arche^ 
gonos, the first of a race). The organ in a 
plant in which the egg or eggs are formed. 

asexual reproduction (Gr. A, without + 
sexual). Reproduction in which there is 
no union of sperm and egg. 

assimilation (a-sim'j-la'shun, L. ad, to; 
similare, to make like). The incorporation 
of food materials into the protoplasm or 
tissues of an organism. 

auricle (o'ri-kl, L. aurts, ear; le, diminu¬ 
tive). One of the two chambers or the 
single chamber of the heart which receives 
blood from the veins and passes it to the 
ventricles or ventricle. 

autoclave (o'to-klav). An apparatus for 
sterilization of utensils or media by super¬ 
heated steam. 


autosome (o'to-som, Gr. autos, self; soma, 
body). Any one of the ordinary chromo¬ 
somes as distinguished from the sex chro¬ 
mosomes. 

axon (ak'son, Gr. axon, axis). A process 
of a nerve cell which normally conducts 
nerve impulses away from the cell body. 

bacillus (ba-sil'us, L. bacillum, a small 
stick). A rod-shaped bacterium. 

bacteriology (bak-ter'i-61'o-ji, L. bacte^ 
rium; Gr. logos, discourse). The study of 
bacteria and related microorganisms. 

barrier (bar'T-er). In the geographic dis¬ 
tribution of an organism, any organic or 
inorganic condition which prevents the 
spread of the organism. 

biennial (bt-en^ni-al, L. bi, two; annus, 
year). Lasting two years, applied par¬ 
ticularly to flowering plants. 

bilateral symmetry (bi-lat'er-al, L. bi, 
two; latus, side). An arrangement of the 
parts or organs such that a median plane 
can be found which divides the organism 
into two halves, one of which is the re¬ 
flection of the other. 

bile (bil). The external secretion of the 
vertebrate liver, gall. 

biochemistry (bi'o-kem'is-tri, Gr. bios, 
life + chemistry). The study of the chemi¬ 
cal substances and chemical processes 
which occur in or in relation to organisms, 

biophysics (bi'o-fiz'iks, Gr. bios, life -{- 
physics). The study of the physical proc¬ 
esses which occur in organisms and the 
effects of physical agents on organisms. 

blastocoele (blas'to-sel, Gr. blastos, germ; 
koilos, hollow). The cavity formed within 
the blastula. 

blastopore (blas'to-por, Gr. blastos, germ; 
L. porm, a pore). The opening leading 
from the enteron to the exterior in a gas- 
trula. 

blastula (blas'tu-la, Gr. blastos, germ; L. 
ule, small). The mass of cells, usually in 
the form of a hollow sphere which results 
from the cleavage of the egg. 

blood (blud). The fluid and its contents 
which circulates in the hezut and blood 
vessels. 
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botany (bot'a-nT, Gr. botanty plant). The 
study of plants. 

bract (brakt). A leaf, usually scalcHkc, 
which grows out from the stem of a plant 
inunediately under the stalk of another 
leaf. 

bud (bud). An undeveloped stem or 
branch, or a portion of an organism 
which develops into a new organism. 

budding (bud'mg). A form of asexual 
reproduction in which the daughter cell 
or organism arises as an outgrowth or bud 
from the parent. 

calorie (kal'o-ri, L. calory heat). The unit 
of heat energy. A gram calorie is the 
amount of heat required to raise the tem¬ 
perature of one gram of water from 15° C 
to 16° C. A kilogram calorie (the amount 
usually used in metabolism) is equal to 
1000 gram calories. 

calyx (ka'liks, Gr. kylix^ a cup). The outer 
whorl of modified leaves (sepals) in a 
flower. 

cambium (kam'bi-um). The growing 
layer in the stem which gives rise to the 
secondary phloem and secondary xylem 
and associated tissues. 

capillary attraction (kap'Tl-ler-T, L. capil- 
^uSy hair). The force which results from 
the adhesion of a liquid to a solid surface. 

capsule (kap^sul, L. capsuloy a little box). 
A saclike or cuplike structure enclosing a 
part or organ. 

carbohydrate (kar'bo-hlMrat, L. carboy 
coal; Gr. hydor, water). A substance com¬ 
posed of carbon, hydrogen and oxygen, 
the hydrogen and oxygen being in the 
proportion to form water. 

carbon dioxide (kar^bon di-6k^sTd). A 
chemical substance composed of carbon 
and oxygen in the proportion of one car¬ 
bon atom to two oxygen atoms. 

carpal (kar'pal, L. carpuSy wrist). Any of 
the bones of the wrist. 

carpel (kar'pel, Gr. karpoSy fruit). One of 
the innermost whorl of modified leaves 
which bear the megaspores in a flower. 


carrier of a disease. A person or other 
organism which may harbor a usually 
pathogenic organism without showing the 
symptoms of the disease. 

cell (sel, L. celloy a storeroom). The term 
originally used by Robert Hooke for the 
compartments he observed in plant tis¬ 
sues. Later extended to include the con¬ 
tents of the compartments. Now used to 
designate the living protoplasmic units of 
which the bodies of animals and plants are 
composed. 

cell sap. The fluid contained in a cell 
vacuole. 

cell wall. The layer of non-living material 
which surrounds the cell in most plants. 

cellulose (sel'u-los). A carbohydrate with 
very large molecules which is the main 
constituent of the cell walls in most 
plants. 

centrosome (sen^tro-s5m, Gr. kenltony 
center; soma^ body). A body within the 
cell, usually in the cytoplasm toward 
which the daughter chromosomes move 
in mitosis. 

cercaria (sur-ka'ri-a, Gr. kerkoSy tail). 
The small tailed larva of a fluke. 

cervix (sur'viks, L. cervixy neck). The 
neck or any necklike portion of an organ, 
especially the lower narrower part of the 
uterus. 

cbitin (ki'tm). A carbohydrate which is 
the main constituent of the outer horny 
covering of arthropods. 

chlorophyll (klo'ro-fil, Gr. chlorosy light 
green; phyllotiy leaf). The green coloring 
matter in plant cells which takes part in 
the process of photosynthesis. 

chloroplast (klS'ro-plast, Gr. chloroSy light 
green; plastos, a formed body). An organ¬ 
ized cytoplasmic body containing chloro¬ 
phyll. 

chromatid (kro'ma-tid, Gr. chromOy color; 
idy daughter of). One of the four parts 
into which each chromosome divides dur¬ 
ing meiosis. 

chromatin (kro'ma-tm, Gr. chromay color; 
merosy part). A substance containing 
nucleic acid, which is a prominent con- 
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stituent of the nucleus, appears in the 
chromosomes, and stains deeply with cer¬ 
tain dies. 

chromosome (kro'mo-som, Gr. chroma, 
color; soma, body). One of the group of 
bodies of characteristic shapes and number 
which appear in mitosis and contain most 
of the chromatin. 

cilium (sil'i-um, L. cilium, eye lash). A 
protoplasmic process projecting from a cell 
to the exterior or into a cavity and moving 
in unison with other similar processes to 
produce a current in the liquid on the 
surface or in the cavity. 

cleavage (klev'Tj). The cell divisions which 
follow the fertilization of the egg and 
usually convert it into a blastula. 

clitellum (kli-tel'um, L. clitfllae, a pack 
saddle). The saddle-shaped mucous gland 
in the skin of the earthworm which se¬ 
cretes the cocoon in which the eggs are 
laid. 

coagulum (ko-ag'u-liim). The semisolid 
mass which is formed in certain colloidal 
systems as a result of the precipitation of 
the particles. 

coccus (kok'us, Gr. kokkos, a seed). A 
spherical or nearly spherical bacterium. 

cochlea (kok'le-a, Gr. kochlias, a snail 
shell). A division of the inner ear, coiled 
in higher vertebrates to resemble a snail 
shell. 

coelom (se'lom, Gr. koilos, hollow). The 
body cavity enclosed by a membrane 
(peritoneum) of mesodermal origin which 
occurs in most animals having a tube- 
within-a-tube type of structure. 

cohesive strength. The tendency of the 
molecules of a substance to stay together. 
Seen in the columns of sap in the xylem- 
tubes. 

colloidal system (ko-loi'dal, Gr. koUa, 
glue; eidos, like). A system composed of 
small particles of a substance, larger than 
molecules, suspended in another substance. 

colony (kol'on-i). A group of individuals 
of the same species living in close associ¬ 
ation to their mutual advantage. 


condyle (kon'dil, Gr. kondylos, joint). A 
prominence on a bone for articulation 
with another bone. 

conjugation (kon'joo-ga-shun, L. con, 
\ jugare, to marry). The union of two 
gametes which are not differentiated into 
male and female or the union of two uni¬ 
cellular individuals for the interchange of 
nuclei. 

conjunctiva (kon'jungk-tl'va, L. con, 
with; jtingere, to join). The moist mem¬ 
brane which covers the eyeball in front 
and lines the eyelids. 

copulation (kop'u-la^shun, L. copidare, to 
unite). The union of a male and a female 
individual for the transfer of sperm. 

corolla (ko-rol-a, L. diminutive of corona, 
crown). The circle of petals in a flower. 

correlation center (cor'e-la'shun). A 
nerve center in the brain in which sensory 
impulses are integrated into appropriate 
motor impulses. 

cotyledon (kot'i-le'don). A seed leaf. 

cranial (kra'ni-al, Gr. kranion, skull). 
Of or pertaining to the skull. 

crop (krop). A pouchlike enlargement of 
the gullet. 

cross fertilization. Fertilization where the 
sperm and egg come from different in¬ 
dividuals. 

cryptogamic (krip'to-gSm'Tk, Gr. kryptos, 
secret; gamos, marriage). Of or pertaining 
to plants which do not produce flowers. 

culture (kul'tur, L. colcre, to cultivate). 

A mass of microorganisms growing to¬ 
gether on a culture median. In a pure cul¬ 
ture the microorganisms are all of the 
same species. 

cuticle (ku'ti-kM, L. cutis, skin; ule, a 
diminutive suffix). An external non- 
cellular membrane. 

cutin (ku'tin, L. cutis, skin). A complex 
material which forms the cuticle of many 
plants. 

cyst (sist, Gr. kystis, bladder). A sac pro¬ 
vided with a distinct membrane and with¬ 
out an opening. 
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cytology (sI-tol'o-jT, Gr. kytos^ cell; 
study). The science of cell structure and 
physiology. 

cytoplasm (sT'to-plaz’m, Gr. kylos, cell; 
plamay a thing moulded). The proto¬ 
plasm of a cell exclusive of the nucleus. 

defecation (def^e-ka'shun, L. de., separa¬ 
tion oi'yJeaceSy excrement). The passing of 
excrement from the digestive tract. 

dendrite (den'drit, L. dfndrotty a tree). .•\ 
protoplasmic process of a nerve cell which 
conducts nerve impulses toward the cell 
body. 

diaphragm (dl'a-fram, Gr. dia^ across; 
phragmay wall). The muscular, transverse 
partition which separates the thorax from 
the abdomen in higher vertebrates. Any 
thin partition. 

diffusion (di-fu'zun, L. disy out; jnnderey 
to pour). The process by which particles 
in a fluid tend to become uniformly dis¬ 
tributed. 

digestion (di-jes'chun, L. diy a part; 
g€rrrty to carry). The process by which 
food materials arc made soluble and ab¬ 
sorbable by breaking them down into 
simpler compounds. 

diplococcus (dipMo-kok'us, Gr. difdooSy 
double; coccuSy a seed). A pair of cocci, or 
spherical bacteria, which adhere together. 

diploid (dip'loid, Gr. diploosy double; fidos, 
form). Having the chromosomes in pairs. 

diverticulum (dl^vur-tTk'u-lurn, L. di, 
away from; vererty to turn). A blind tube or 
sac branching off from a main cavity or 
canal. 

dominant character. An hereditary char¬ 
acter which appears in the offspring even 
'vhen transmitted by only one parent. 

ecology (c-kol'o-ji, Gr. oikos, house, here 
environment; logosy study). The study of 
the relations of organisms to their ens iron- 
menis. 

ectoderm Cek'to-durm, Gr. ectoSy outside; 
drrma, skin). The outer germ cell layer in 
the embryo. 


embryo (em'brT-o, Gr. fn, within: bruetn, 
to grow). An organism in the early stages 
of its development. 

endoderm (en'do-durm, Gr. endnn, in¬ 
side; dermay skin). The inner germ-cell 
layer in the embryo surrounding the 
cnieron. 

endosperm (en'do-spurm, Gr. endon, in¬ 
side; spermoy seed). The nutritive tissue 
formed in the female gametophyte as a 
result of the division of the endo.sperm 
nucleus in seed plants after fertilization. 

endosperm nucleus. The nucleus formed 
by the fusion of two of the nuclei of the 
female gametophyte with one of the sperm 
nuclei at tlic time of fertilization in seed 
plants. 

endotoxin (en^do-tok'sm, Gr. endoriy in¬ 
side; L. loxikoriy poison). A toxin or poison 
which acts only when the cell in which it 
is formed dies and becomes disintegrated. 

enteron (cn^ter-on, Gr. entfron, intestine). 
The digestive tract in the embryo. 

entomology (en^to-mol^o-ji, Gr. ^n/omony 
insect; logoSy study; entomon is derived 
from rn, in and Ifmein to cut and refers to 
the narrowly constricted insect body). The 
study of insects. 

enzyme (cn'zim, Gr. rn, in; zyme, leaven). 
An organic agent which accelerates a 
chemical reaction. 

epidermis (ep^i-dur^mis, Gr. epl, over; 
dfrmoy skin). The outer layer of the skin 
derived from the ectoderm, the outer 
layer of cells investing the leaves, root 
tips, young stems and young roots in ferns 
and seed plants. 

epididymis (cp'i-dTd'i-mTs, Gr. epi, upon; 
didymosy testicle). In higher vertebrates a 
small body applied to the testes and con¬ 
sisting of numerous coiled tubules which 
carry the sperm from the tubules of the 
testis to the sperm duct, 
equatorial plate. In mitosis, a plane trans¬ 
verse to the spindle and usually eciuidis- 
tant from its two poles, in which the chro¬ 
mosomes become arranged prior to 
splitting. 

esophagus (e-sof'a-gus, Or. otsfiriy to 
carry; f/hagema, food). 1 Ite part of the 
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digestive tract leading from the mouth or 
the pharynx to the crop or stomach. 

excretion (eks-kre'shun, L. ex, out; ennerfy 
to sift). The elimination of the waste 
products of cell metabolism. 

exotoxin (ek'-so-tok'sin, Gr. fxo, outside; 
toxikon, poison). A toxin or poison which 
is passed out of a cell during the life of 
the latter. 

fat (fat). A substance which may be re¬ 
garded as consisting of a fatty acid com¬ 
bined with glycerine, containing the 
elements carbon, hydrogen and oxygen, 
the latter in relatively small amount. 

fatty acid. An acid containing carbon, 
hydrogen and oxygen and containing the 
group COOH. Fatty acids have the gen¬ 
eral formula CoHanO.*. 

feces (fe'zes, L. jaecesy excrement). The 
excrement or waste material passed out 
from the digestive tract. 

fermentation (fur'men-ta'shun, L. fervorty 
to boil). Decomposition of carbohydrates 
by living cells, as in the case of yeast, 
usually accompanied by the evolution of 
carbon dioxide gas, hence name. 

fertilization (fur'ti-lT-za'shun, L. fnlilis, 
producing). The union of the sperm and 

filterable virus. A submicroscopic, dis¬ 
ease-producing agent which can pass 
through the pores of a filter which with¬ 
holds bacteria. 

flagellum (fla-gel'um, L. Jlagellumy a 
whip). A long whiplike protoplasmic proc¬ 
ess. Flagella tend to move independently 
while cilia move in unison. 

foetus (fe'tus, L. foetusy offspring). The 
young mammal during its later stages 
(after the first six weeks in man) in the 
uterus. 

follicle (f61'i-k’!, L. folUciiluSy a small 
bag). A small cavity, usually with an 
opening. 

foramen (fo-ra'men, L. forauy to bore). 
.\ small opening. 

frond (frond, L. frons, a leafy branch). 
The leaf of a fern. 


fungus (fung'gus, h.JunguSy a mushroom). 
Any plant of the subphylum Fungi, thallus 
plants without chlorophyll. 

gall (gol). Same as bile. 

gamete (gam'et, Gr. gameiny to marry). 
Either of the two cells which unite in fer¬ 
tilization to form a zygote. 

gametophyte (ga-me'to-fit, Gr. gameiny to 
marry; phytony plant). In plants with an 
alternation of generations, a plant of the 
generation which produces the gametes. 

ganglion (gang'gli-un, Gr. gangliony a 
swelling). A group of nerve cells massed 
together. 

gastric (gas'trTk, Gr. gastery stomach). Re¬ 
lating to the stomach. 

gastrodermis (gas'tro-dur'mis, Gr. gastny 
stomach; dermCy skin). The lining of the 
gastrovascular cavity in coelcnteraies. 

gastrovascular cavity (gas'tro-vas^ku-ler, 
Gr. gastery stomach, vaSy a vessel). The 
central cavity in coelcntcratcs which func¬ 
tions both in digestion and in the trans¬ 
port of the food and waste materials. 

gastrula (gas'troo-la, Gr. diminutive of 
gastery stomach). The stage in the de¬ 
velopment of an embryo in which it con¬ 
sists typically of nvo cell layers, the ecto¬ 
derm and endoderm surrounding a cavity, 
the enteron. 

genetics (jc-net'iks, Gr. gerusiSy descent). 
The study of heredity and variation in 
organisms. 

genotype (jen'o-tlp, Gr. genoSy race; 
iyposy model or type). The type to which 
an individual belongs when determined 
by its heredity, opposed to phenotype, the 
type determined by its apparent charac¬ 
ters. 

genus (je'nus, L. genus, race or kind). A 
group of closely related species. 

germ cell. A cell that gives rise to gametes 
as opposed to a somatic or body cell. 

germ layer. .Any of the layers of cells that 
appear in the early embryo and from 
which the various tissues and organs are 
later differentiated. 
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glucose (gloo^kos, Gr. glfukos, sweet wine). 

A simple sugar with the formula CeHi206. 

glycerin (glis'er-in, Gr. glykeros, sweet). 

A sweet substance having the formula 
CsHs(OH )3 and belonging to the group of 
the alcohols. 

glycine (gU'sen, Gr. glykjSj sweet). An 
amino acid with a sweet taste with the 
formula H 2 CNH 2 COOH. 

glycogen (gli'ko-jen, Gr. glykySy sweet). A 
carbohydrate related to starch (C 6 Hio 05 )n> 
and formed in the liver and other organs. 

haploid (hap'loid, Gr. haploos, single). 
Having a single set of chromosomes, in 
contrast to diploid, having the chromo¬ 
somes in pairs. 

hemoglobin (he^mo-glo'bin, Gr. haimOy 
blood; L. globusy sphere). A red protein 
containing carbon, hydrogen, oxygen, 
nitrogen, sulphur and iron, contained in 
the blood of vertebrates and a few inverte¬ 
brates and serving for the transport of 
oxygen. 

hermaphrodite (her-maf'ro-dit, Gr. Her~ 
TneSy a Greek god; Aphroditfy a Greek god¬ 
dess). An individual having both male and 
female reproductive organs. 

heterozygous (het^er-o-zT'gus, Gr. heteroSy 
the other of two; ^'gosy yoke). Applied in 
genetics to an individual with at least 
one pair of genes differing in the condi¬ 
tions which determine a pair of allelo¬ 
morphic characters, opposed to homo¬ 
zygous. 

histology (his-tol'o-ji, Gr. histioriy a web, 
logoSy a study). The study of tissues. 

homology (ho-mol'o-jT, Gr. homoSy one 
and the same; logos, study). Correspond¬ 
ence in structure resulting from similarity 
in origin, in development, and in relation 
to the organism as a whole. 

homozygous (ho^mo-zi'gus, Gr. homos, one 
and the same; zygos* yolk). Applied in 
genetics to an individual with at least one 
pair of genes which are both in the con¬ 
dition which determines one of a pair of 
allelomorphic characters, opposed to heter¬ 
ozygous. 
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hormone (hor'mon, Gr. hormann, to c.\- 
cite). A chemical substance produced in 
one part of an organism and transported 
to another part of the organism where it 
produces a specific effect. 

hydrolysis (hi-drol^i-sis, Gr. hydro, water; 
lysis, unfastening). A chemical process in 
which a substance is broken down into 
simpler substances by combination with 
the elements of water. 

hymen (hl'men, Gr. hymen, membrane). 
A fold of mucous membrane which partly 
closes the external opening of the vagina. 

hypha (hi'fa, Gr. hyphe, a web). One of the 
threadlike strands of the mycelium of a 
fungus. 

hypostomc (hl'po-stom, Gr. hypo, under; 
stoma, mouth). The structure below and 
surrounding the mouth in coelcnterates 
and certain other invertebrates. 

hypothesis (hT-p6th'c-sTs, Gr. hypothesis, a 
supposition). A provisional generalization 
made to explain a series of facts. 

ichthyology (Tk'thi-61'o-ji, Gr. ichthys, 
fish; logos, study). The study of fishes. 

immunity (i-mu'ni-ti, L. immunis, free 
from a public service, exempt). The 
ability to resist a disease. 

insemination (tn-sem'T-na'shun, L. in, in; 
seminare, to sow). The introduction of the 
sperm from the male into the female repro¬ 
ductive organs. 

insulin (in'su-lm, L. insula, island). A 
hormone produced by certain groups of 
cells in the pancreas. 

integument (m-teg'u-ment, L. in, on; 
tegere, to cover). An outer enveloping cell 

layer. 

invertebrate (Tn-vur'te-brat, L. in, with¬ 
out* vertebratus, vertebrate). A general 
term for all animals except the Vertebrata. 

ion (i'6n, Gr. ienai, to go). A positively or 
negatively charged particle which is 
formed when an atom or group of atoms 
loses or gains an electron. 

irritability (Ir^t-ta-bll'I-tT, L. irritare, to 
irritate). The ability of an organism or its 
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protoplasm to respond to environmental 
changes. 

larva (lar'va, L. /arva^ ghost). An imma¬ 
ture form of an animal which must pass 
through a more or less sudden change 
(metamorphosis) before becoming an 
adult. 

lichens (IT'kens). A group of plants in which 
the organic unit consists of a mutually de¬ 
pendent alga and fungus living together 
symbolically. 

ligament (Hg'a-ment, L. ligare^ to bind). 
A strand of tissue which connects parts of 
the skeleton or holds an organ in place. 

macronucleus (mak'ro-nu'clc-us, Gr. mac^ 
ros, long; nuclfHSy a kernel). In the class of 
Protozoa to which Paramecium belongs 
the larger of the two bodies into which the 
nucleus is divided and the one which 
appears to control the vegetative activities 
of the animal. 

malt (molt). The material which results 
from the germination of a grain in water 
and in which, due to the presence of the 
enzyme diastace, tlie starch becomes 
changed to sugar. 

mammalogy (ma-mal'o-jT, L. mommalis, a 
beast; logos, study). The study of mam¬ 
mals. 

mandible (manMi-b’l, L. mandere, to 
chew). A jaw, in vertebrates the lower jaw. 

mantle (man't’l). In mollusks the fold of 
the body which lines the shell and bears 
the shell secreting glands. 

medulla (me-dul'a, L. medulla, inner¬ 
most part). The inner portion of an organ 
or part as opposed to the cortex or outer 
part. 

medulla oblongata (me-dul'a ob'long- 
ga'ta, L. oblongata, oblong). The lateral 
and ventral portions of the last division of 
the brain, connecting it to the spinal cord 
in vertebrates. 

medusa (me-du'sa, Gr. Medusa, in Greek 
mythology a maiden whose hair was trans¬ 
formed into snakes). The free-swimming 
sexual stage in the life history of a coelen- 
terate. 


megaspore (meg'a-spor', Gr. megas, large; 
spora, seed). The larger of two types of 
spores and the one which gives rise to the 
female gameiophyte. 

meiosis (ml-o'sis, Gr. meioun, to make 
smaller). The nuclear changes by which 
the chromosomes are reduced from the 
diploid to the haploid condition. 

membrane (mem'bran, L. membrana, 
skin). A thin layer which covers a surface 
or divides a space. 

Mendelian character (men-de'li-an, from 
Mendel). .\ character which is inherited 
according to Mendel’s laws. 

Mendelism (men'del-iz’m, from Mendel). 
Inheritance according to Mendel’s laws. 

mesoderm (mes'o-derm, Gr. mesos, mid¬ 
dle; derma, skin). The middle germ layer, 
which lies between the ectoderm and 
endoderm. 

mesoglea (mes'o-gle-a, Gr. mesos, middle; 
gloios, jelly). In coelentcrates, the gelati¬ 
nous material between the epidermis and 
gastrodermis. 

metabolism (me-tab^o-lism, Gr. mela, 
beyond; ballein, to throw). The sum of the 
chemical processes involved in the building 
up and breaking down of protoplasm. 

metamere (met'a-mer, Gr. meta, coming 
in succession; meros, part). One of the 
similar segments or transverse parts into 
which the body is divided in many groups 
of animals. 

metamorphosis (met^a-mor'fo-sTs, Gr. 
meta, beyond; morphe, form). .A marked and 
sudden change in structure occurring after 
the completion of embryonic develop¬ 
ment. 

metaphase (met'a-faz, Gr. meta, later; 
phasis, appearance). The stage in mitosis 
in which the chromosomes are arranged on 
the equatorial plate. 

microcucleus (mi'kro-nu'kle-us, Gr. mi- 
kros, small; nucleus, kernel). The smaller of 
the Uvo parts into which the nucleus is 
divided in the class of the Protozoa to 
which Paramecium belongs. 

microorganism (ml'kro-or'gan-Tsm, Gr. 
mikros, small). -Any organism of micro- 
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scopic size, applied especially to bacteria 
and protozoa. 

micropyle (mi^kro-pil, Gr. rnikrosy small, 
pyUj gate). The small opening in the in¬ 
teguments of the ovule through which the 
pollen tube passes to reach the female 
gametophyte. 

microspore (mi'kro-spor, Gr. mikroSy 
small; spora^ seed). The smaller ol two 
types of spores and the one which gives rise 
to the male gametophyte. 

mineral (min'cr-al). A chemical clement 
or compound w'hich occurs in nature as 
the result of inorganic processes. 

mitosis (mi'to-sis, Gr. mttosy a thread). 
Division of the nucleus in which the chro¬ 
mosomes split longitudinally and separate 
upon a spindle. 

morphology (mor-fol'o-ji, Gr. morphr, 
form; logos, study). The study of the 
structure of animals and plants. 

mucus (mu'kus, Gr. mv-zo, naucus). A 
viscous slippery secretion produced by a 
membrane. 

mutation (mu-ta'shun, L. mutare, to 
change). An inherited change in an organ¬ 
ism. 

mycelium (ml-se'li-um, Gr. mykes, mush¬ 
room). The mass of entangled hyphac 
which form the thallus of a fungus. 

nectar (nek'tcr). The sweet liquid secreted 
by the nectaries of a plant. 

nectary (nck'ta-ri). A gland usually as¬ 
sociated with the corolla of a flowering 
plant but also occurring elsewhere which 

secretes a sweet liquid. 

nephridium (ne-frid'i-um, Gr. rifpliridins, 
the kidneys). An excretory organ of the 
type found in many invertebrates and 
sisting typically of a tube opening on the 
one hand into the coelom and on the other 
to the exterior. 

nucleolus (nu-kle'o-liis, L. diminutive of 
nucleus; nucleus). A comparatively large 
and deeply staining body inside the 
nucleus. 

nucleus (nu'kle-us, L. nucleus, a kernel). 
A central mass in the protoplasm of a cc , 
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surrounded by a membrane, containing 
chromatin, and controlling certain of the 
activities of the cell, including reproduc¬ 
tion. 

nymph (nimf, L. nympha, a young woman). 
The immature form of an insect which 
undergoes a gradual metamorphosis. 

oogonium (o^o-go^ni-Lim, Gr. oioti, an egg, 
gonos, otTspring). An egg-bearing repro¬ 
ductive organ which is not difierenliatcd 
into neck and enlarged portion as in 
higher plants and which is characteristic 

of thallophyics. 

ornithology (or'ni-thoKo-jT, Gr. ornis, 
bird; logos, study). The study of birds. 

osmotic pressure (6s-mot'ik, Gr. osmos, a 
pushing). The pressure which develops 
when two solutions of different concen¬ 
trations are separated by a membrane 
less permeable to the dissolved substance, 
or substances, than to the solvent. The 
pressure appears in the solution of greater 

concentration. 

ovary (o'va-rT, L. nrum, egg). In animals 
the female reproductive organ in which 
the egg cells arc formed. In plants the 
structure formed from the base of a carpel 
or carpels (compound ovary) which bears 
the megasporangia. 

oviduct (oM-diikt, L. egg; ductus a 

conduit). The tube which conducts the 
ecg cells away from the ovary or the 
coelom if the egg cells pass into the latter. 

ovulation (6'vu-la'shun, L. omm, egg). 
The discharge of the egg cells from the 

ovary. 

oxidation (ok'sT.da'shun). The process of 
adding oxygen to a chemmal compound or 
of removing hydrogen from it. But sec 
text for more accurate description. 

palate (pSl'it, L. palatum, roof of the 
mouth). The roof of the mouth. 

paleontology (pa'le-on-tfiro-ir, 

Lor, ancient: onia, things existing, logos, 
study). The study of the life of the past. 

papilla (pa-pil'a. L. papilla, nipple). Any 
small pimple-like projection. 
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parasite (par'a-sTt, Gr. parasitoSy eating at 
the table of another). An animal or plant 
which lives in or on and at the expense 
of another animal or plant. 

parenchyma (pa-reng'kl-ma, Gr. para, 
beside; en, in; chein, to pour). In plants a 
tissue usually composed of loosely fitting 
thin walled cells often used for the storage 
of food materials. 

parietal (pa-ri'e-tal, L. parieSy a wall). 
Pertaining to the wall of a cavity. 

parthenogenesis (par'the-no-jen'e-sTs, Gr. 
parthenosy virgin; gemsisy origin). The de¬ 
velopment of an unfertilized egg. 

pectoral (pek'to-ral, L. pectuSy breast). 
Pertaining to the breast or chest. 

pelvic (pel'vTk, L. pelviSy basin). Pertain¬ 
ing to the pelvis. 

pelvis (pePviSj L. pelvisy a basin). The 
basin-like structure formed by the pelvic 
girdle and the sacrum. 

penicillin (pen'i-stl'lin, from Pcnicillium, 
the name of a genus of mold). A remark¬ 
able drug obtained from the mold Peni- 
cillium. 

perianth (per'i-anth, Gr. periy around; 
anlhoSy flower). The petal and sepals of a 
flower taken together. 

peristalsis (per'i-stal'sTs, Gr. peri, around; 
stalsis, contraction). The series of alter¬ 
nate relaxations and contractions by which 
the food is forced through the alimentary 
canal. 

petal (pet'l, Gr. petalon, a flower leaf). 
One of the floral leaves in the whorl be¬ 
tween the sepals and the stamens, often 
conspicuously colored. 

petiole (pet'i-ol, L. petioltis, a little foot). 
The stalk of a leaf. 

Petri dish (pa'tre, named from its in¬ 
ventor Petri). A shallow, circular, flatbot- 
tomed dish with an overlapping cover 
used in the culture of bacteria. 

phagocyte (fag'o-sit, Gr. phagein, to eat; 
kytoSy cell). Any cell of the body of an ani¬ 
mal which devours and destroys micro¬ 
organisms or other harmful cells. 


phanerogamic botany (fan'er-o-gam'ik, 
Gr. phanerosy visible; marriage). The 

study of the flowering plants. 

pharynx (far'ingks, Gr. pharynx, pharynx). 
The tubular cavity extending from the 
mouth cavity to the esophagus, stomach 
or crop. In air-breathing vertebrates the 
cavity extending from the posterior nasal 
openings to the larynx is also included in 
the pharynx. 

phenotype (fe'no-tip, Gr. phaimin, to 
show). An individual determined by visi¬ 
ble characters as opposed to one deter¬ 
mined by genetic characters. 

phloem (flo'em, Gr. phloos, bark). The 
portion of the vascular tissue which con¬ 
tains the sieve tubes. 

photosynthesis (fo-to-sm'the-sTs, Gr. phos, 
light; synthesis, to put together). A chemi¬ 
cal synthesis in which the energy required 
is supplied by light. The term is applied 
particularly to the manufacture of sugar 
in the green plant in the presence of light 
and through the action of chlorophyll. 

phylum (fi'lum, Gr. phylon, tribe). One 
of the primary divisions of the plant or 
animal kingdoms. 

physiology (fTsT61'o-ji, Gr, physis, na¬ 
ture; logos, study). The science which 
deals with the functions of organs and 
tissues of animals and plants. 

pistil (pis'til, L. pistillum, a pestle). The 
central organ of a flower formed by the 
carpels and consisting of ovary, style, and 
stigma. 

pith (pith). The loose spongy tissue oc¬ 
cupying the axial portion of the stem in 
dicotyledonous plants. 

placenta (pla-sen'ta, L. placenta, a cake). 
The vascular structure, partly embryonic 
and partly maternal, through which the 
embryo and fetus are nourished while in 
the uterus. 

plasma (plaz'ma, Gr. plassein, to mold). 
The liquid portion of the blood. 

plasma membrane. The thin layer of 
protoplasm which forms the outer bound¬ 
ary of the protoplast. 
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plumule (pl^^mul, L. />lumu!a, a little 
feather). The primary bud in the embryo 
of a seed plant. 

pollen (pol'len, L. pollen, fine dust). The 
minute male gametophyte of a seed plant 
inclosed in the original microsporc wall. 

pollination (pol'll-na'shiin, L. pollen, fine 
dust). The transfer of the pollen from the 
stamens to the stigma. 

polyp (pol'ip, Gr. poly, many; pous, foot). 
An individual coelenterate in the stage 
consisting of a hollow cylinder closed at 
one end and opening by a mouth. 

posterior (pos-ter'i-er, L. posterus, coming 
after). At or toward the hinder end of the 
body. 

proglottid (pro-glot'id). One of the seg¬ 
ments, really individuals, of a tapeworm. 

prophase (proTaz, Gr. pro, before; phaus, 
appearance). The early stage in mitosis, 
before the metaphase. 

protein (prS'ten, Gr. protein, holding 
first place). Any of the highly complex 
combinations of amino acids produced in 
living cells. 

protoplasm (pro'to-plazm, Gr. protos, 
first; plasma^ form). The living subsunce. 

protoplast (pro'to-plast, Gr. protos, first, 
plastos, formed). The living part of the 
cell. 

protozoology (pr5^to-zo-ol'o-ji, Gr. protos, 
first; zoion, an animal; logos, study). The 

study of the Protozoa. 

pseudopodium (su^do-po'di-um, Gr. 

pseudes, false; L. podium, foot). A temporary 
protrusion of the protoplasm of a cell. 

ptomaine (to'man, Gr. ptoma, a dead 
body). An organic alkaline substance 
formed by the splitting of carbon dioxide 
from an amino acid. 

puberty (pu'ber-li, L. puber, adult). The 
stage at which a person becomes sexually 
mature. 

pupa (pu'pa, T. pupa, a doll). In those 
insects which undergo a complete meta¬ 
morphosis, the quiescent stage between 
the larva and the adult. 
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putrefaction (pu^tre-fak shun, L. putrere, 
to be TOitcTx',/acere, to make). The decom¬ 
position of proteins and the products of 
protein breakdown. 

pyrenoid (pi-re'noid). A protein body in 
the chloroplasts of certain Algae which 
serves as a center for starch formation. 

radicle (rad'ik’l, L. radix, a root; cle, 
diminutive). The primary root of an em¬ 
bryo plant or seedling. 

receptacle (re-sep^ta-k’l, L. recipere, to 
recei\e). The enlarged end of the stem to 
which the parts of the flower are attached. 

recessive character (re-s&'iv). An heredi¬ 
tary character which does not appear in 
an individual unless present in the ho¬ 
mozygous condition. 

reflex (re'fleks, L. rejlexus, a bending 
back). An action produced by a stimulus 
without the intervention of consciousness. 


reflex arc. The path taken by the ncr\'e 
impulse in a reflex. 

regeneration (re-Jen'er-a'shijn, L. re, 
back; generare, to generate). The regrowth 
of a part of an organism which has been 

lost or destroyed. 


re. re 


respiration (res'pi-ra'shun, L. 

pcated; spirare, to breathe). The process 
of taking in oxygen and giving off carbon 
;n nlants and animals. 


rhizoid (ri'zoid, Gr. rhUa, root; eidns, 
like). In liverworts, mosses, and ferns, one 
of the rootlike processes which extend 
from the underside of the gametophyte 

into the soil. 


saliva (sa-lT'va), The clear alkaline vis¬ 
cous liquid discharged into the mouth by 
the salivary glands. 


rophyte (sap'ro-fit. Gr. safiros rotten-, 
on. a plant). A plant which lives on 


ecretion (sc-kre'shun, L. rrrrrhir. sepa- 

ated). The material elaborated and dis- 

nr eland. 


1 _j u., d rfll. erouD 


segregation (seg'rcga'shun, 
to separate). The separation 
phic characters by breeding. 


L. segregate, 
of allelomor- 
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sepal (se'pal, L. sepaliim^ a covering). Any 
one of the outer whorl of floral leaves 
which usually enclose the other parts of 
the flower in the bud. 

septum (sep'tum, L. septum^ a fence). A 
w^l separating two cavities or softer tis¬ 
sues. 

seta (se'ta, L. seta^ a bristle). One of the 
slender, chitinous, hairlike bodies extend¬ 
ing outward from the surface of the body 
in invertebrates. 

shoot (shoot). The stem and leaves of a 
seed plant in contrast to the root. 

sieve tube (siv). .\ tube which consists of 
a number of cylindrical cells joined end 
to end with their end walls pierced by 
pores. Such tubes arc characteristic of the 
phloem. 

somatic cell (so-mat'ic, Gr. somoy the 
body). A cell of the body as opposed to a 
germ cell. 

sperm (spurm, Gr. sperma, a seed). A male 
gamete or spermatozoon, also the fluid 
discharged from the male reproductive 
organs, including the male gametes. 

spermatheca (spurm'a-the'ka, Gr. sperma, 
seed; theke, a case). ;\ sac in the female re¬ 
productive organs for the storage of sperm. 

spindle (spin'd’l). The spindle-shaped 
structure apparently consisting of fibers 
which extends between the centrosomes 
or the polar caps in mitosis. 

spirillum (spT-rTl'um, L. spiroy a coil). A 
type of bacterium which has the form of a 
spiral usually with tufts of cilia at one or 
both ends. 

sporangium (spo-ran'gi-um, Gr. sporoy a 
seed; angeioriy a case). A spore case. 

spore (spor, Gr. spora, a seed). A repro¬ 
ductive body which consists of a single 
cell and gives rise to a new plant without 
fertilization. 

sporophyte (spo'ro-fit, Gr. spora, seed; 
phytony a plant). In plants with an alterna¬ 
tion of generations, the generation which 
bears spores. 

stamen (sta'men, L. stameriy a fiber). In 
.seed plants the modified leaf or micro- 
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sporophyll which bears the microspores 
which become the pollen. 

staphylococcus (staf'i-lo-kok'us, Gr. 
staphyte^ a bunch of grapes; kokkoSy a 
grain). A type of bacteria in which the 
spherical cells or cocci adhere in bunches. 

stigma (stig'ma, Gr. stigma, a spot). The 
sticky area on the end of a pistil or carpel 
where the pollen is received. 

stimulus (stim'u-lus, L. stimulus, a goad). 
.Any change external or internal which 
produces a reaction in an organism. 

stolon (sto'lon, L. stoln, a shoot). A hypha 
of a fungus which grows over the surface. 

horizontal branch of a plant which 
grows near the surface of the ground. 

stoma (sto'ma, Gr. stoma, mouth). In ani¬ 
mals a mouth or mouth-like opening. In 
plants minute openings in the epidermis 
through which gaseous exchange occurs, 
most numerous on the under side of the 
leaves. 

streptococcus (strep^to-kok'us, Gr. streptos, 
twisted; kokkos, a grain). A type of bacteria 
in which the spherical cells or cocci occur 
in chains. 

suspensor (sus-pen'ser, L. sub, under; 
pendere, to hang). In seed plants and some 
fernlike plants a group of cells which by 
their growth force the embryo deeper into 
the endosperm. 

suture (su'tur, L. sufura, a stitch). The line 
of junction of two flat bones. 

s^^biosis (sim'bi-o'sTs, Gr. rym, with; 
btoun, to live). The living together of two 
different species of organisms to their 
mutual benefit. 

synapse (si-naps', Gr. synapsis, a union). 
The place at which a nerve impulse passes 
from an axon of one nerve cell to a den¬ 
drite of another nerve cell. 

synapsis (sT-nap'sTs, Gr. synapsis, a union). 
The coming together of homologous 
chromosomes in an early stage of meiosis. 

taxonomy (tax-on'o-mi, Gr. taxis, an ar¬ 
rangement). The classification of plants 
and animals according to their natural 
relations. 
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telophase (leKo-fiiz, Or. Iflos^ end; phnsts^ 
appearance). The last of the stages in 
mitosis in which the chromosomes dis¬ 
appear from view and the daughter nuclei 
pass into the resting stage. 

testis (tes'tis, L. testis, testis). The gland in 
which the spermatozoa are produced. 

thallus (thal'lus, Gr. thalhs, a young 
shoot). A plant body which is not ditTer- 
entiated into root, stem, and leaves. 

tissue (tish'u, L. texere, to weave). A col¬ 
lection of cells similar in suucture and 
function. 

toxin (tok'sTn. Gr. toxikon, poison). \ poi¬ 
son produced as a specific secretion of a 
plant or an animal. 

trachea (tra'che-a, Gr. tracheia, rough). 
The windpipe. The lube extending from 
the larynx to the bronchi. On<* of the air 
tubes of insects. 

translocation (transMo-ka'shun, T>. Irons, 
across; locate, to place). The transfer of 
food materials, or products of metabolism, 
from one part of a plant to another. 

transpiration (tran^spi-rii'shun, L. trans, 
through; spirare, to breathb The process 
of excretion in the form of a vapor, as the 
giving off of water from the leaves of 
plants, or of the perspiration from the 

skin. 

0 

transpiration stream. The stream of water 
which passes up through the conducting 
tissues of a plant partly as a result of 
transpiration from its leaves. 

tropism (tro'piz’m, Gr. trope, a turning)- 
An involuntary tendency of an organism 
to act in a manner involving a definite 
direction in response to a stimulus. 

typhlosole (tif'lo-sol, Gr. typhlos, blind. 
soleu, channel). A longitudinal fold pro¬ 
jecting into the intestine in certain inverte¬ 
brates, including the earthworm. 

umbilical cord (um-bil'i-krU, L. umbilicus, 
the navel)• The cord which connects the 
fetus at the umbilicus or navel with the 
placenta. 


ureter (u-rc'ter, Gr. oureler, ureter). The 
tube wliicli conducts the urine from the 
kidnev to the bladder or cloaca. 

urethra (u-re^thra, Gr. ourethra, urethra). 
The lube leading from the urinary bladder 
to the exterior in both sexes. 

uterus (u^ler-us, L.. uteTiis, llie womb). In 
general an enlarged portion of the oviduct 
modified for the storage or de\'elopment of 
eggs. In mammals, the organ in which the 
placenta is formed and the development 
of die young occurs. 

vacuole (vak'u-ol, L. vacuus, empty). A 
fluid-filled space in a cell. 


ventricle (vcn'tri-k‘l, L. vcntriculus, a 
cavity). -A cavity in an organ, as any of 
the cavities of the brain, or either of the 
two cavities of the heart which receive 
blood from the auricles. 


villus (vil'us, L. villus, a tuft of hair). A 
small fingerlike vascular process, espe¬ 
cially the processes on the wall of the 
small intestine and on the embryonic por¬ 
tion of the placenta. 

virus (vi'rus. L. virus, poison). The poison 
which causes a disease. Th<- term is some¬ 
times used as equivalent to filterable virus. 


vitamin (vI'ta-mTn, h. vita, life; amwe, a 
chemical substance formt'd from am- 
nionia). Any one of a group of che.n.cal 
substances which are essential in very 
minute quantities for the maintenance of 

the life of an organism. 

xylem (zT'lein. Gr. >rlon, wood). The part 
of the conducting tissue of a plant which 
consists mainly of xylem vessels. 

xvlem vessel. A tube formed in a plant 
bv the union end to end of a number of 
cylindrical cells with the disappearance 
of the end walls and the protoplasm. 


yolk sac. A sac formed by an <-mbryo to 
enclose the yolk present in the egg. 


sy (zo-51'o-ii. Or. animal; 

a study). The study of animals. 

e (zi'gbt, Gr. -zygotos, yolked). The 
,rmed by the union of a male and a 
e gamete, or the individual which 

from such cell. 
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Abdomen, arthropod. 187: grasshopper, 188, 
189, 190 

Abdominal cavity. 238. 238 
Absorption. 136. 250; amoeba. 1M; chick 
embryo, 308; green plant, 140; Hydra. 18; 
inorganic salts, 133; water, 132 
Acetic acid, 90 
Acetone, 90 

Acheulean culture, 380 
Acid group. 48 
Acids, fatly, 48 

Adaptation, 24. 59. 124; mammalian. 374; 

pond life, 340; vertebrates. 60 
Adaptive radiation, 362; mammals, 360, 

reptiles, 359 

Adductor muscles, mussel, 211 
Adrenal glands. 290, 290 
Adrenaline. 290 

Adrenal-stimulating hormone, 292 
Aedes. 202 
Aerobes. 84 

Aerobic, bacteria. 88; respiration, 335 
African sleeping sickness, 151 
Afterbirth. 300 
Agar, nutrient. 81 
Agaricus. 75, 76 

Ages, of man, 380; of metals. 380. 389 
Agriculture, 8; department of, 8; Neolitlnc, 

387 

Air space, hen's egg. 306 
Albumen, 52; hen’s egg. 307 
Alcohol, ethyl, 84 
Alfalfa stem, 134 

Algae, 60, 67-72, 342; brown. 71; Devonian, 
356; fossil. 354. 355; green. 67-71. 68, 69; 
of hot springs, 337; red, 71 
Algal fungi, 60 


llantois. chick. 307, 308; human. 310; 
1112 tmmal. 309 
llcl. 324 

llclomorph, 324 _ 

Uernation of generations. 100: nuclear 

cycle ill* 110 ^ 

Ivcolus of lung. 252, 253, 254, 257. 257 

mber. 351 

merican Indian. 388 

,mino acids. -18. 250. 254; absorption. 2oa. 
blood. 265; function of. 49 
.mine group. 48 
Linmonium salts. 254 

,mnion. chick. 307. 307; human. 310; mam¬ 
mal, 309 , , . , 

minio.ic cavily. 299. 299; of cluck, 30,. of 

human cmhiyo. 310 
imniotic chick, 307 

imocb.y. 33, M3, M5; dividing, H6; feeding, 

146; structure, 144 
Amoeboid movement. 143. 145 

Vmphibians^ 221. 221; Age of, 358; fossil. 
354. 358. 3.59; pond, 314 

\mphincura. 61 

\nacrobic, bacteria. 84. 88: respiration, 33.. 
\naphase of mitosis, 41, 42 
\natomy. 7; human. 227-300 

\ncon sheep. 319 
Ancylosioma duodemue* 170 

r4fcr^“7.^’.86■^ee U.0 Eacihwocn, 

Anuelhli^^eb 206; plan of strue- 

Arinclids. 171-186; marine, 185 
Annuals, 114 
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Annulus, fern sporangium. 101. 101 
Anodonta. 211. 212, 213 
Anopheles. 152 

Antennae. 189: grasshopper. 189 
Anther. 116. 116, 119. 120, 124. 124 
.Xntheridia, fem. 103. 103, 104; moss, 96. 

96; Ocdogoniuin. 70. 70 
Antho/oa. 61 

.Anthropoid apes. 374. 375. 383: compared 
to man. 376 
Anthropoidea. 375 
.Anthropologv. 7 
Antibodies.'92. 93 

Ants. 188. 197. 199. 200, 200, 201: nests, 199: 
sla\c-making. 201 

.Anus. giassli<i))pci. 191: human. 247: Para¬ 
mecium. 118 
Aorta. 267, 268, 270. 271 
Apes, fossil. 361; manlike, 375 
Aphids. 201 
Apis. 197. 198 

Appendages, grasshopper. 189; jointed. 187, 
206; vertebrate. 218; vertebrates and in¬ 
vertebrates. 217 
Appendicitis. 247 

Appendicular skeleton. 230. 231. 235 
Appendix, vermiform. 247. 366 
Apple. 125 

Acjucous humor, 286, 287 
Arachnida, 188 
Arachnids. 188 
Arachnoidca, 61 

Archegonia. fern. 103. 103, 104; moss. 96, 
97. 98; seed plant. 118; Sclaginclla. 107. 
108 

Archeoptcryx. 360 
Archeozoic. 351. 3.55 
Arm. 234: skeleton. 235 
Aioids, 60 
Art. birth of. 387 
Arterial system, human. 271 
Arteries, human, 270-271: mussel. 212. 213 
Artery, carotid. 271; coeliac. 271; iliac. 271; 
inferior mesenteric, 271; innominate. 271; 
pulmonary. 268, 271; renal. 271; sub¬ 
clavian. 271; superior mesenteric, 271; 
transverse section. 266 
Arthropoda. 187-201; see also Arthropods 
Arthjopods. 61, 187-204. 206, 207; pond, 345 
Artiodactvla. 61 

Ascaris. 166-169: dissection. 167; transverse 
section, 168; see also Rouiulvvorm 
Ascent of water in plants, 136 
Ascorbic acid. 243 
A.SCUS fungi, 60 

Asexual reproduction. 303. 318; bread mold. 

72, 73-74: Hydra. 18, 20; Ulothrix. 68. 69 
Asparagus, 115 
Ass domestication, 388 


Assimilation, amoeba. 144 
Association nerve cell, 275, 280; earthworm, 
182: retina. 287 

y\ssociations of plants and animals, 338 
Asierias. 209 
Asteroidea. 61 
Atebrin. 152 

Atinosphcic. composition. 258 
Atom. 44 

Auditorv. aipsulcs, 231, 232; center, 282, 
283; ncr\c. 277, 289 

Auricles of heart. 267, 268, 268, 271, 272 

.Aurignacian culture. 380 

Australian hushman, skeleton, 383 

•Autoclave. 81 , 81 

Autosonics. 317 

Aves. 61, 222 

Avoiding reaction. Paramecium. 149, 149 

Axial portion, skeleton. 230, 231 

Axil. leaf. Hi. 114 

Axon, 279. 279 

Asc-aye, 375 

Bacillus. 79. 80; influenza, 91: tetanus, 91; 

typhoid, 91 
Back swimmers. 346 

Bacteria. 60, 79: abnormal forms. 80; aerobic, 
88; anaerobic. 88: chemical activities of. 
84: colonies of. 82. 83; ctiltivaiion of. 80, 
82; disease and. 90: drugs and. 94; forms 
of, 80; in industry. 89: in intestine. 250: 
in soil, 85: in water. 86; infection with, 
91: multiplication. 80: nitrifying. 8.5: 
nitrogen-fixing. 85. 85; numher in water 
sample. 82: origin of. 2.5-27: plant char¬ 
acteristics of. 79; poisons. 90: spores. 337: 
structure of, 79: stibcultnring. 83; transfer 
of. 91 

BactcriologN-. 7. 79; water, 87 
Bacterium coli, 86 
Baltic countries. 164 
Barium meal, 248 
Bariev. 77 
Barnacles. 188 
Barriers. 363 
Basidia fungi. 60 
Basidium. mushroom. 75 
Bass, 345 

Bat, compared with bird, 366: wing, 365 

Bats on oceanic islands, 364. 365 

Bean. 121. 122. 122; seed. 123 

Bcdbng, 203. 203 

Bcc. 124, 201 

Beef tapeworm. 165 

Beehive. 197 

Bees. 188. 197 

Beeswax. 199 

Beetles, 188; diving. 346; potato, 194 
Beets, 138 
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Biceps muscle. 2S6 

Biennials, 114 

Bilateral symmetry. 206 

Bile. duct. 246, 247: function. 250 

Binomial system of nomcntlamrc. 63 

Biochemislrv. 7 

4 

Biological sciences. 6 

Biology, in the service of man, 8-10 

Biophysics. 7 

Bird. 223; compared with bat, 336; louse, 

194 

Birds. 222; fossil. 354 
Birth canal. 300 
Bison. 386 

Bladder, gall. 246; urinary. 294, 295 
Bladderworin. 163, 164. 165 
Blade of leaf. 114, 126 

Blaslococl, 305; hen’s egg. 306: starfish. 305 
Blastoderm, hen’s egg. 306. 307 
Blastopore. 305: starfish embryo. 305 
Blastula. starfish. 305. 305 
Blind spot. 286, 287 

Blood. 263-265. 272; cells. 39; cells of frog. 
39; cells, human. 263; circulation. 267; 
clotting. 265; coagulation. 263; composi¬ 
tion. 263; corpusrles. 39, 263; earthworm, 
180; functions. 261; human. 263; plasma. 
39. 264, 265: platelets. 265; pressure. 270; 
quantity. 264: serum. 265; v.ascular system, 
human. 265-272; vessels of earthworm. 
176, 181; vessels of grasshopper. 190; ves¬ 
sels of man. 265-267. 270-272 
Blue-green alg-.ic. 71 

Body, cavity. 237; cavities of man. 238; louse, 
203; temperature, 259, 265; wall, 166 
Boils, 91 
Bombyx, 201 
Bonds, chemical. 45 
Bone. 37. 231; cells. 37 
Bones, car, 289; turbinal. 232 
Book louse, 194 
Botulism, 86 

Brachiopoda, 61; see aho Brachiopotls 
Brachiopods. 354, 356, 357 
Brain. 275: foetus. 276; human. 276; sagittal 
section. 276 
Bread mold, 72, 72, 73 
Breastbone. 230, 233. 234. 234, 258 
Breathing. 229. 255. 257. 258; control. 258; 

mouth. 256; nasal. 256 
Bronchi of lung. 257. 257 
Bronchioles of lung. 257. 257 
Bronze, 389: Age. 389 
Brown algjic. 71; Robert. 29 
Bryophyta. 60; pbyUim, 95 
Bryozoa. 61 
Budding, yeast. 76, 77 
Buds. 115: Hydra. 18 
Bulfulo, 351; fossil. 361 


411 


Bullfrog. 340, 344 

Bullhead. 345 

Buinblehcc. 194, 197 

Burial ceremony, Stone age, 386 

Burrs. 125 

Btiitercup. 115, 119 

Buitcrnics. 188. 194 

Butvl alcohol, 90 

4 


CatUlis flv. 194 

4 

Calcareous plates, starfish, 209, 210 
Calciferol. 213 
Calcium. 212 

Caloric, kilogram, 51, 259 
Calw. 116 
Cambium. 134, 135 
Cambrian. 354 
Camels, fossil. 361 


2.59; 

253: 


Cane sugar. 47 
Canine teeth. 215. 376 
Canmihalisin. 379 
Capillaries, blood. 265. 266 
Capillary attraction. 136 
Clapsclla. 121 

( apstile. fern. 101; moss. 97. 98 
Carholntlraies. 16. 125: calorie yield, 
digestion. 250; functions of, 17. 
meiaholism. 252, 2.53. 290 
Carbon c\(le. 331: diagratn. 335 
Carbon dioxide. 13. H. 15. 128; atmospheric. 
2.58: food of plants. 331: ii^ environment. 
334; in ponds. 339; solubility. 331; trans¬ 
port. 264 

Cartinus. natural selection. 372 
Carnivora. 61 
Carotid arteries, 271 
Car|>als. 230 

Carpels. Il(>. 116, 117, 117 
Carriers of diseases. 92 
Carrots. 138 

Cartilage. 36. 219. 231; cells, 37 

Casts, ants. 200: fossil. 351 

Caterpillar. 195. 201 

Catfish. 345 

Cattails. 60 

Cattle. 165; wild, 386 

Ca\e melt. 386 

Cavity, abdominal. 238: body. 237: peri¬ 
cardial. 237: pleural. 238; thoracic. 237 
Cedars. 126 

Cell. 11. 27: body of ner\c, 279; companion, 
36; delinitioi/of. 29; diirercniiation. 30, 
31. 131, 132; discovery of. 28; dixision. 14, 
15 ! 10-13. 41, 111; first illustration of. 28; 
frdin F.lodea leaf. 34; generali/ed diagram. 
32; metabolism. 53. 51: motor nerve. 279, 
parenchyma. 36; plate. 13: principle. 29. 
30: sap. 12. 35: structure. 31: theory. 27; 
wall, 11, 12, 14, 31, 32, 31, 34 
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Cells, blood. 39; bone. 37; cartilage, 37; 
culture of. 31; from conducting tissue of 
plant, 36; methods of studying. 31; nerve, 
39; olfactory, 285; origin of. 30; preserva¬ 
tion of. 31; types of animal. 36; tvpcs of 
plant, 31: untler osmotic pressure. 57 
Cellulose. 32. 31. -17 
Ccnozoic. 351. 3.55. 350. 361 
Centers of dispersal. 353 
Central, canal of s)>inal cord, 245, 273; 

nervous system. 273, 274 
Centrosome. 32, 33. 12 
Centrum. 233. 233, 245 
Clephalopod. 356 
Cephalopoda. 61 
Certaria of Hver fluke, 151. 152 
Cereal grains. 85. 125 
Cercl)ellum. 245, 274, 276, 277 
Cerebral hemispheres. 274, 276, 275 
C;erel)rum. 245 

Cervical, nerves. 274; vertebrae. 230, 233 

Cervix of uterus. 295 

Cestoda. 61 

Cletacea, 61 

Cevitamic acid. 213 

Cliaeiupuda. 61 

Cliaracteristics of living things. 21-26 
Check hones. 376 
Chellean ctilturc, 380 

Chemital. activities of Iracteria, 84; bonds. 
45; composition of protoplasm. 44; com¬ 
pound, 44; clement, 44; elements In 
protoplasm, 45; reactions. 50, 51; sub¬ 
stances in protoplasm. 46 
Chcrnosvnthcsis. 335 
(4iick. embryology. 305-308 
Chicken pox. 93, 94 
Cihildbirih. 300 
Chinipaiucc. 375, 375 
Chin. 375. 376 
Chiroptera. 61 
Chitin. 187. 188 
Cihlorination of water, 88 
Chlorine, 212 
Chlorophyll, 12. 35 

Chloroplast, 12. 35. 127. 129; Spirog>ni, 12 
Cholera. 91. 93; spirillum. 91 
Chondrichthyes. 61 
Chordata. 61, 218 
Clunoid coat ,of eye, 286, 287 
Choukoulicn, 379 
Chrinoid. 356 
Chromatid. 42, 43 
Chromatin. 32, 33. 40. 41 
Chromosomes. 40. -12. 315, 316; diploid. 315; 
division of, 111; fern. Ill; haploid. 315: 
homologous. 111. 313; human, 316; re¬ 
duction. Ill, 313, 315 
Chrysemys. 222 


Cicada. 194 

Cilia. 33; Paramecium, 147. 147 
Ciliatcs, 151 

Circulation. 266-270. 267; earthworm, 181; 

pulmonary. 266; systemic, 266 
Circulatory system of. Annelida, 186; earth¬ 
worm. 180: grasshopper. 191; man, 263- 
272; vertebrates and invertebrates, 217 
Clams, 211 
Clamworm, 185 
Class, 63 

Classification of organisms. 60, 61, 63. 64 
Cleavage, man. 298; rabbits egg. 309; star¬ 
fish. 305 
Climate. 337 

ClitelUim, earthworm, 175, 184 
Clonorchis. 159-162: life cycle, 161 
Clot, blood. 265 
Clothes, louse, 203; moths, 204 
Clotting of blood. 265 
Club mosses. 60, 107, 108, 109. 109; fossil, 
354 

Coagulum. 53 

Coal. 105. 350. 357 

Coats of eyeball, 287 

Coccus, 79. 80 

Coccyx. 230, 233, 295, 366 

Cochlea of car. 283, 289, 289 

Cockroaches. 188 

Cocoon, earthworm. 184, 184; silkworm. 201 
Cod. 220 

Coclenicrata. 153-156.154, 205. 206; colonial, 
153 

Coelcnterales, 153-1.56, 205; in general, 156 
Coelentcron of Hydra, 17 
Cocliac artery, 271 

Coelom. 206, 267. 293; chick. 307: earth¬ 
worm. 174. 176. 176, 178; human. 237- 
239: man. 237-239; mussel, 212; starfish, 
210, 306 

Coelomic fluid, 237 
Cohesive strength. 136 
Cold storage. 89 
Cold-bloodctl. 222, 259 
Coleoptcra, 61 
Collarbone. 230, 234. 234 
Collecting duct of kidney. 261 
Colloidal particles. 51, 52; svstems. 51 
Colon. 238, 246, 247; bacillus. 87; valve of, 
246 

Colonies of bacteria. 82, 83 
Colony, bee. 199: Obelia, 153. 154 
Color vision. 288 
Community, plant-animal, 339 
Companion cell. 36 
Comparative Physiologv. 367 
Composites, 60 
Compound eyes. 189. 192 
Conditioned reflex, 284 
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Conducting tissues. 95 
Conduction of liquids through plant. 136 
Cone, cells, 287, 288; Sclaginclla. 107 
Conifers, 60; fossil. 36-I. 357 
Conjugation of. Paramecium. M9: Spirog>Ta. 
15. 15 

Conjunctira. 285. 286 
Consanguinous marriages. 329 
Conservation, 9 
Contact infection. 139 

Contractile, processes in Hydra, 17; vacuole 
in Amoeba, 144, 146; vacuole in Para¬ 
mecium. 147, 148 
Controls in experiments, 5 
Cooking. 240 
Coordination. 273-292 
Cootie. 194, 203 
Copepods. 345 
Copper, discovery. 389 

Copulation, bee. 199; earthworm, 183, 184; 

mammals. 298 
Coral reefs, 72 
Corallines. 72 
Corals, fossil. 357 
Cord, spinal, 273 
Cork. 28. 28 
Corn. 114. 121 
Cx>rnea. 286, 287 
Corolla, 116 
Corpus callosum. 245 
Correlation center. 283 
Cotyledon. 122. 122 
Cow, domestication. 388 
Crab, louse. 203; cvitlcnce of natural selec¬ 
tion in. 372 
Crabs. 162. 188 

Cranial, capacity. 381; cavity. 231; nerves, 
274, 275. 277.'277 

Cranium, human. 231. 232. 232, 245 

Crayfish. 162. 188. 345. 345 

Cretaceous. 354 

Cretin. 291 

Crinoidea. 61 

Crinolds. fossil. 354 

Cro-Magnon man. 382, 383. 387; restoration. 
384 

Crop of, earthworm. 176, 179; grasshopper, 
191 

Cross, dihybrid. 325 

Cross-fertilization, 109 

Crustacea. 61, 188 

Cryptogamic botany. 7 

Cultivation of bacteria. 80 

Culture, bacteria, 82; human. 384, 385; 

medium. 81 
Curd. 249 

Cuticle of, Ascaris. 167. 168; earthworm, 175, 
178; roundworm. 167, 168; stem, 134; 
sunflower leaf, 128 


Cutin, 127 

Cycads. 60; Age of. 358; fossil, 354 
Cypress, fossil. 360 
Cysts of liver duke. 161 
Cytology. 7 

Cytoplasm. 32; division of. 43 


Daddy longlcgs. 188 
Dahlia, 115 
Dandelion. 125 

Darwin. Charles. 364. 367; Origin of Species. 
370; natural selection. 368-370; theory of 
evolution. 368-370 
Death rate. 9 

Dccav of org-.mic matter, 85 ' 

Deer, giant. 386 
Defecation, amoeba. 145 
Deficiency, mineral, 242 
Dendrite. 278 
Dendrites. 279 
Dcsmitls. 342 

Development. 303-311; Ascaris. 168; chick, 
306-308; ben’s egg. 307; individual, 303- 
311; rabbit’s egg, 308, 309; seed, 122; star¬ 
fish. 305; see also Embryology 

Devonian. 354; life. 356 

De Vries. Hugo, mutation theory, 370. 371 

Diabetes. 290 

Diaphragm, 237, 238, 257. 258 
Diatoms. 72. 342 
Dicotvlcdoncae. 60 
Diet. 211 

Differentiation. 22. 23; of gametes. 70 
Diffusion. 54, 55, 130 

Digestion. 213-21.'-.. 219-251. 335; amoeba. 
144; earthworm. 179; general account, 
243-245; Hvdra. 17-19, 18; of milk, 251; 
process, 249-251; rate of, 248 
Digestive, cavity of starfish. 210; juices. 249, 
250; orpins of man, 245-248; sacs of liver 
fluke, 160. 160; system of invertebrates. 
216; system of vertebrate. 216; tract ^of 
Ascaris. 106; tract of earthworm. 179: 
tract of planarian. 158, 159; tract, pas¬ 
sage of food through. 248; tube. 166; tube, 
origin in niaminal. 310 
Digger wasp. 196 
Dihybrid cross. 325 
Dill pickles. 89 

Dinosaurs. 354. 360; footprints. 351 
Diphtheria. 85. 90. 91. 93 
Dipliyllobothrium latum. 164 
Diplococcus. 80. 80 

Diploid cell. 316; chromosomes. 315; nucleus. 

112 


Dipicra. 61 

Disease, carriers of, 92; 


cause of. 90; im¬ 


munity from. 92: mosaic. 94; resistance to. 
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92; spread of. 91: transmission of infec¬ 
tious. 90 
Dispersal. 110 

Distrihution of nutrient materials. 2r)2 
Division, of .Xmoeba. 146; of Hvdra, 20: of 
Paramecium. 150 

Dog. classification of. 61; domestication, 388; 

variation. 372 
Dogfish. 219 

Domestication, of animals, 387 
Dominance. 323; partial. 321, 321 
Dominant, character, 321: species. 339 
Dordogne. 38.3 

Dorsal, aorta, 270. 271; blood vessel of carth- 
wottn. 180; ganglion of spinal nerve. 274, 
275; root of s|>inal ner\e. 274 
Dragonflv. 188. 194, 202. 316; nvmph. 346 
Driver ants. 200 
Drone, bee. 197, 198 
Drosophila, 317 

Duck, 313: domestication, 388; mallard, 343 

Duckbill. 223. 224 

Duckweed. 311. 341 

Duct. bile. 246 

Ductless glands. 290-292. 290 

Dugesia, 157-1,59 

Dwarf tapeworm. 165 

Dvsentcry, 91 

Ear. 277, 283, 288; bones. 289. 289; external. 
289; human. 289; middle, 289; semicircular 
canals. 289 
Eardrum. 289 

Earthworm. 171-185; circulation. 181; copu¬ 
lation, 184; external, 175; internal org-ans, 
176; locomotion of. 178; nephridiuin. 180; 
hervous system. 181; reflex arc. 181; struc¬ 
ture, 176; transverse section. 178 
Earwig. 194 
Echidna. 225 

Ediinococcus graiutlosus. 165 
Exhinodermata. 61, 209 
Echinoderms. 209 
Echinoidea. 61 
EcologN, 7. 333-318 

Ectoderm, 17, 305: starfish embrvo. 305 
Extoplasm. 144; amoeba. 143. 144; Pani- 
inecium. 117. 147 
Eelgrass, 341 

Efliciency of photosMUhesis. 129 
Egg, 303, 304; fern, 104, 111; flowering plant, 
119, 120; hen, 306. 307; human. 304; 
Hydra, 18, 20: mammal. 308; mattiration. 
314; mature. 314; mo,ss. 96; Oedogoniiiin. 
70; placer of grasshopper, 189, 190; rabbit. 
308, 309: seed plant, 118; tapeworm, 163 
Eisenia, 185 
Ejaculatory ducts, 291 
E.lanosaurs. 360 


Element, chemical. 44 
Elms, fossil, .360 

Elodca. 341; cell from leaf of. 34; leaf. 34 
Elongjition. region of in root tip. 131 
Embryo. 120. 121. 122; chick. 307; flowering 
plant. 121; hen. 307; human, 298, 299. 
310; mo,ss. 97; seed plant. 122: Selaginclla, 
108 

Embryology. 303-311; chick, 306-308; evi¬ 
dence for etolulion. 365; mammals, 308- 
311; starfish. 304-306 
Embryonic region of root tip. 131, 132 
Embryos, com|)arison of. 36.5 
Emergence, sedimentary rocks, 352 
E'nclu tracus. 185 

4 

Endamoeba. 150 
Endocrine glands. 290-292 
Endocrincs, 296. 297 

F.juloderm, 17. 305; starfish embryo. 305 
Endoplasm, 144; amoeba. 143: Paraincciiiin, 
147 

Endosperm. 121. 121; cell. 119, 120; nucleus, 
120 . 121 
Endotoxins. 90 

Energy, 13; changes in chemical reactions, 
50. 51; measured in respiration. 259: 
sources for life. 336 
Enteron. starfish embryo, 305, 305 
Entomology. 7 

Environment, and organism. 333-348: chem¬ 
ical. 333-336; clfcct of. 331; inorganic, 
333-337; organic. 338 

En/\mes. 49. 50. 129. 144, 249; in yeast. 77 
E'uanthropus. 381 
Eocene. 354 

Eoliihic culture. 380. 385 
Epidermal cell of root. 132 
Epidermis. 17. 156; earthworm. 177. 178; 
Hydra. 18; leaf, 127. 128; Ohclia. 153. 
154; root. 131; rotindworm, 168; stem, 134 
Epiditlymis. 293, 294 
Epiglottis. 214. 245 
Etpiaior of spindle. 42 
£({uatorial plate. 42 
Equilibrium, maintenance of, 289 
£t}ui$etuni. 109 
Erect posture. 229. 377 
Eskimo. <llet, 241 

Esophagus. 244. 245, 246; earthworm. 176, 
179, 181; grasshopper. 190, 190; human, 
246: mussel. 212 
Essential parts of flower. 116 
Ethyl alcohol. 84 
Europe, glacial stagers, 378 
Euryptcrids. 188, 354 
Eustachian tube. 289 
Eutheria. 61 

Evolution, 58; animals. 61; evidences. 349- 
367; fossil evitlcncc for. 362. 363: inverte- 
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bratc. 206; invcncbraic plnla. 20r>: man. 
389: meaning of. aS; methanisin. 307: 
inulticcllular plants. 08; oig-anic. 59. Ol. 
C2; plants, 60; sox. 08. 70; \ciiohiato. 219- 

226 

Excretion. 260-202: amoeba. 1 10; Ascaiis. 
167: chick embivo. 308; grasshoppci. 
191: HyOra, 18, 20 

Excieioiv. org^ans of liver llnke. 160; organs 
of mussel. 212. 213; svstem of man. 200; 
system of planarian. 158. 159; s\siem «»f 
tapeworm, 103: tube of rouiulworm. 167; 
tubes of Ascaris. 107: tubc-s of liver lluke. 
161 

E.xoioxins. 90 

Experimental breetling. 320-327. 330 
Experimentation. I. 5 
External canal, ear. 289 
Exiraembrvonic membtanes. chick. 307. 307; 
ntammals. 3t)9 

Eye. grasshopper. 189, 191, 192; human. 28a; 
human in section. 286; image formetl iit. 
288; mechanism. 287: muscles. 2//. 280. 
286; muscles, nerves to. 277; planarian. 
158 

Eyeball, coats. 287 
Eyelashes. 285. 286 
Eyelids. 285. 286 
Eyespots. planarian. 157 

Fallopian tube, 295 
Fasciola. 162 

Fat metabolism. 253, 251 

Fats. 125. 253; calorie yield. 259; digestion. 

250; function of, 18. 251 
Fatty acids. 18. 250. 253, 251 
Feeblemindedness. 331 
Feet, fossil mammals. 361 

Female, gametophyie of seed plant. 118. 121: 
honnonc, 297: reproductive org-ans. 295. 
296 

Femur. 230, 235 
Fermentation. 77. 84. 89 
Fern, 99-105; gametophyie. 102, 103; life 
cycle. 99-105. 106; sex org-ans. 104; sexual 
reproduction. 104; sporangium. 101; spo- 
rophyte, 100, 105 
Ferns. 60, 95. 105: fossil. 354 
Fernworis. 341 
Fertility of soil. 71 

Feriilizalion. 15. 111. 298. 313; earthworm. 
184; fern. 103: flowering plant. 120; grass¬ 
hopper, 193: human. 297. 208; malarial 
parasite. 152; moss, 97; rabbit, 309: seed 
plant, 119. 120 
Fever, yellow, 94 
Fibrin. 265 
Fibula. 230, 235 
Figs, fossil, 360 


l ilamcnt of anther. 116 
Filaria. 170 
Filterable viruses. 91 
I'iiKil host. 173 

Fish. Ixmv. 220; taitilaginoiis. 219; host of 
liver lluke. 161; jawlcss. 219; pond. 315; 
tapeworm. 161 
F'isheries. 8 

Fishes. .\ge of, 357: bonv, 220. 359: carti¬ 
laginous. 219: fossil, 354, 359: jawlcss. 219; 
lung. 220 

Fishing industry. 8 

Flagella. 33. 151; bacteria. 79: llvdra, 17 
Flagellated cells, sponge. 208 
Flame cell, planaiian. 158 
Flatworm. 158, 159, 160, 161, 163 
Flatworms. 157-166. 205; plan of structure 

of. 171 
Flea. 194 

Fleas, human. 203. 203 

Flies, transmitting diseases. 92 

Flint implements. 385-387; Moustcrian, 386; 

Neolithic. 387 

Flower. 114, 115. 116, 123: longitudinal sec¬ 
tion. 120; pollinalioti. 124; section. 116 
Flowering i)lanl. 113-125. 114; life evde. 123 
Flowering plants. 113: fossil. 354. 360 
Fluke, liver, life cycle. 161; oriental livei. 159 

Flukes. 1:59-162 

Focus of infection, 90 

Foetus. 299; in pregnant uterus. 299 

Folsom points. 388 
Fontana. 29 

Food 240; chains. 338. 348; human. -40, 
materials. 137. 264; passage through cli- 
.restive tract. 248; preservation. 89; rela¬ 
tions in pond. 347; storage. 137. HO; sub¬ 
stances, 210. 211; vacuole of amoeba. 114 
144, 146; vacuole of 1‘aramccmm, 147, 11« 
Foods, composition. 240 
Foot, mussel. 211, 212 
Footprints, fossil. 351 
Foramen magnum. 231 
Foraminifera. 151 
Forebrain. 276 
Forest community. 339 
Forests. 338; fossil. 251 

Fossil, chance of occurnng. 3;>1; record, 34J- 

Fossilization. conditions favoung. SjI 
Fossils. 319-352: evidence for evolution, 36^. 
how formed, 349-351, 350 

Fovea, 286, 287 , 

Frog. 221, 221, 344; leopard. 340; spinal re¬ 
flex. 281 

Fronds, fern. 100 
Frontal sinus. 245 
Fruit. 125 
Fruit flies, 317. 372 


232, 376 
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Funaria, 96, 98, 99 
Functions, skeleton. 231 
Fungi. 60, 72 

Gadus, 220 

Galapagos Islands. 364 
Gall bladder. 246, 2-17 
Gaineie. 15; formation. 313-315; nuclei in 
flowering plant. 119 

Gametes, bread mold, 73, 74; differentiation 
of. 70; fern. 102; human. 304; moss. 96: 
Selaginella. 107; Spirogvra, 15; Idothrix. 
69 

Gameioplivic, flowering plant. 118. 118, 119. 
119; fern. 102. 102, 103, 105; moss. 95. 96, 
98; nuclei, 110, 111; scctl plant. 118. 118, 
119. 119; Selaginella. 107. 108 
Ganglia, earthworm. 180; grasshopper, 190, 
191; sympathetic. 278 

Ganglion, earthworm, 181; of spinal nerve, 
275 

Gangrene, 91: gas, 86 
Garden pea. 127 

Gastric caeca of grasshopper. 190, 191 
Gastric juice. 249 

Gastrodermis. 17. 156; Hvdra. 18; Obelia, 
153. 154 
Gastropod. 356 
Gastropoda. 61 

Gastrovascular cavity, 16, 17. 155, 155 
Gastula, 305; compared to Hvdra. 365: star¬ 
fish. 305 

Geese, domestication, 388 
Gelatine, 52 

Generation, spontaneous. 25-27 
Generations, alternation of. 109 
Generative cell in seed plant. 118. 119 
Genetics. 7 

Genital, gland in mussel. 213; opening in 
planarian. 1.57 
Genotype, 324, 326 
Gentians. 60 

Genus, 11, 63: definition of. 63 
Geographical distribution. 363 
Geology, timetable, 353, 354 
Geranium. 117 
Geraniums. 60 
Germ cells. 312-315 
Germ layers, 305 
Germ-cell cycle. 312-315. 317 
Germination. 123; bean. 122; seed plant. 120 
122 

Gibbons. 375. 375 
Gill, clefts, fish. 220; fungi. 76 
Gills, arthropod. 188; in vertebrate embryos. 
365; of fish, mussel larvae on. 213; mush¬ 
room, 75. 75; mussel. 212. 212, 213; rudi¬ 
ments in human embryo, 365; vertebrate 
216 


Ginkos, 60 
Girdled trees. 137 

Gizzard, earthworm, 176, 179; grasshopper, 
191 

Glucose. 47. 84. 128, "252; in blood, 264; 

oxidation. 252 
Glycerin, 48. 250, 252, 253 
Glycerol, 253 
Glycine, 48 

Glycogen. 252. 252, 253. 290 
Glacial stages. 361; in Europe, 378, 378 
Glaciers. 378 
Gladiolus, 115 

Gland, parathyroid. 290; pituitary, 290, 292; 
thyroid. 290, 291 

Glands, ductless. 290-292. 290; mammary, 
225; of internal secretion, 290-292; sai- 
ivary, human. 215 
Glottis. 244. 245, 256 
Goat, domestication. 388 
Goiter. 291 
Gold, discovery'. 389 
Gonad-stimulating hormone. 292. 300 
Gorilla. 375, 375; skeleton, 383; skull. 376 
Grains. 138 

Grand Canyon of the Colorado. 353 
Grantia. 207. 208. 208 
Grape. 125 

Graphic formula of chemical compound. 45 
Grass seedling. !3I 
Grasses, 60, 115. 338; fossil. 360 
Grasshopper, compound eye. 191, 192; ex¬ 
ternal features. 189; internal structure. 
190, 190; metamorphosis, 193; nervous 
system, 191 
Grasshoppers, 188 
Gravity, response to. 139 
Gray matter of spinal cord. 275. 275 
Great ice cap. 361 
Green algae. 67. 68, 70 
Gristle, 219 

Growth. 22. 23. 138. 368; of green plant, 
140; of plant in water, 133; substances, 
138 

Growth-stimulating hormone. 292. 296. 297 
Guard cells. 127. 128, ISO 
Guinea pig, dihybrid cross, 325, inheritance, 
324, 325 
Gull. 223 

Gullet, Paramecium. 147, 148 
Gums. 244 
Gymnosperm, 126 
Gymnospermae, 60, 113 
Gymnosperms. fossil, 357, 358 

Haploid, chromosomes. 315; nucleus. 112 
Head, grasshopper. 188. 189, 189; human, 
245; tapeworm. 162, 163 
Headlouse, 202, 203 
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Hcallh, public. 9 

Hearing organ, grasshopper. 189, 193 
Heart. 278; action. 268-270. 269; heal. 268- 
270; cinbrvo. 311: grasshopper. 190, 191. 
human. 267. 267, 268; invertebrate. 216; 
mussel. 212. 213; section. 268; valves. 268. 
269, 270: vertebrate. 216 
Hcmiptcra. 61 

Hemoglobin. 39. 264; earihuorm. 180 
Hen’s egg. 306 

Hepatic, portal system. 252, 253, 254, 267, 
271; vein. 272; veins. 271 
Herbs. 114 

Hcredilarv characters, transmission. 318 
Heredity. 312-332, 325; and environment. 

328; and society. 330; human. 328-330 
Hermaphroditism. 161. 164; earthworm. 183 
Herons, 343 
Heterozygotis. 322 
Hibernation. 259 
Hind limbs, homology of, 366 
Hindbrain. 277 
Hip joint, 234 
Hipbone. 230, 234, 235 
Hirudo, 185 
Histology. 7 
Hive. bee. 197 
Holothuroidea. 61 
Homer. Iliad, 389; Odyssey. 389 
Hominidac, 375, 376 

Homo. 380, 381. 383: neanderthalensis. 380. 
381. 383; sapiens. 376. 380. 383 

Homologous chromosomes. Ill 
Homology. 365: as evidence of evolution, 
365; of hind limbs, 366 
Homozygous. 322 
Honey. 198, 201 
Honeybee. 197. 198 
Honeycomb. 197 

Hooke. Robert. 28; cellular structure of 
cork, 28; microscope used by. 27 
Hookworm, 170 

Hormone, adrenal-stimulating. 292; growth- 
stimulating. 292; milk-producing. 292; 
parathyroid. 292; thyroid-stimulating. 292 
Hormones, 138, 273. 290-292. 299; repro¬ 
ductive. 296. 297 
Hornless cattle. 319 
Horse, 166; chestnut. 126; wild, 386 
Horses, fossil. 361 
Horsetails. 60, 109: fossil. 354 
Host of parasite. 77 
Host-parasite relationship. 172 
Houseflies. 188. 202 

Human, heredity. 328-330; parasites. 86, 9(K 
94. 151. 152, 152, 159-170. 161, 163, 169, 
202. 203, 203; see also Man 
Humerus. 230, 234 
Humor, aqueous. 287; vitreous, 287 


Hvbrids, Ocnoihcrn. 371 
H\dr:i. 16-20. 16, 18, 19, 20, 306. 347; longi¬ 
tudinal section. 18 
HMlrochloric acid. 249 
H\drol>sis. 249 
Hvdropliohia. 91-94 
Hvdrozoa. 61 
Hvmanolcpis nana. 165 
Hymen. 296 
IlMnenoptera. 61 
H\phae. 72, 74 

Hvpothesis. 4. 5; deduction from. 4; test of. 
4. 5 


Ice ages. 361: cap. 361, 378. 378 

Ichthyology. 7 

Identical twins. 327 

Iliac arteries. 271; veins. 272 

Immunity. 92-91; acquired. 93; active. 93: 

natural. 93; passive. 93 
Implantation of egg of rabbit. 309 
Incisor teeth. 245 
Infantile paralysis. 91. 94 
Infection with bacteria. 91 
Inferior mesenteric arteries. 271 
Inferior \'cna cava. 267, 268, 271, 272 
Influenza bacillus. 91 
InfundihuUim, 245, 274 


ifusoria, 61 

ihcriiantc. 321, 325. 369; mechanism. 320- 
327: of acquired characters. 368 
iner cell mass in developing rabbit s egg. 
309. 309 

inominatc. artery. 271; vein. 272 
iiorganic. compountls in protoplasm, 46; 

salts, absorption of. 133 
iisecla. 61, 188; see also Insects 

iiseclivora. 61 

nsccis. 188. 195, 196; destructive. 204, 

diseases transmitted by. 92; evolution of. 
194; fossil. 354. 357. 358. 358; injurious to 
plants. 204: Paleozoic. 358; pests. 202: 
pbylo‘»^cnctic tree. 194; pollination, 121, 
pond. 345; primitive. 358; relation to man, 
201; societies. 197; useful. 201 
nscinination. 298 
nsulin. 254. 290 

ntcgumcnis of ovule, 116, 11/. 

121 

ntcrccllular air spaces. 127 
nierinediatc host. 173 
niernal nares. 245 
Internal secretions. 296, 297, 299 
[nicrnodes. of stem. 113. 114 
intestine. Ascaris. 166; carihwoi^. 176, 178, 
179: grasshopper. 190, 191 ; Iniinan. 238, 
247; invertebrate. 216; large, function. 250. 
mussel. 212. 213; roundworm. 167; smaU. 
246; small, function. 250; vertebrate. 216 


120 , 121 . 


418 

Invertebrate phyla. 206. 207: structure. 216 
Inverteluates. 205: evolution. 206; of hot 
springs. 337 

Involuniarv actions. 282 
Iodine. 2-12. 291 
Iris. 286 

Iron. 212: Age. 389: use by early man, 389 
Irritability. 2-1 
Isolation. 363. 361, 373 
Ivory. 361 

Java ape man. 379 
Jawbone. 245 
jaws. 232, 232, 376 
Jellyfish. 156; fresliwatcr, 317 
Joints, skeleton. 231 
Jugular veins. 272 
Jurassic, 351 

Kangaroo. 224 
Kelp. 71 

Kidney. 260: function. 202; human. 260, 
261; strutturc. 262; tubules. 261 
King crab. 188 
Kingdom. 63 
Kingfishers, 313 
Kissing bug, 194 

Labor in childbirth, 300 
I.acewing (ly. 194 
I.acteals. 253 

I.amark. theory of evolution. 367, 368 
Lamprey. 219, 219 

Land plants, adapted to water. 341: first 
35-1. .357 

Larva, bee. 197; liver nuke, 161; mussel. 213, 
213; trichina worm. 169 
Larynx. 2-11. 245, 256. 257 
l.aw of gravitation. 5 

Leaf, 126. 126, 128; fern, 100; path of water 
in. 130; section. 128, 130 
Learning. 28-1 
Leeches. 185, 185 
Leg. skeleton. 235 
Legionary ant.s. 200 
Legs, grasshopper. 189 
Legumes, 60 
Lemurs, 374, 375 

Lens, eye, 286, 287. 288: ligament, 286; 

muscles. 286 
Leo. 225 
Lice. 202 

Lichens. 77. 78. 78 
Life, physical basis of. 14 
Life cycle, fern. 99-105. 106, 111 ; flowering 
plant, 113-125. 123; liver fluke, 161. 161, 
162: malaria parasite. 151. 152. 152; moss. 
95-99, 99; Oedogonium, 70, 70, 71: seed 
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plant. 113-125. 125; Selaginella. I06-I09, 
109; tapeworm, 163, 164; Ulothrix. 69. 69, 
70 

Ligament, lens. 288; mussel. 211 
Ligaments. 231. 233 

Light, effect on plants. 139; as stimulus. 
337; in environment, 336; in photo¬ 
synthesis. 129 
Lilies. 60 
Lily. 116 
Linnaeus. 63 
Lion. 225 

Lip. 245; cells of fern. 101 
Liver. 246, 252. 252, 253, 254; fluke. 159-162, 
159, 161; flukes. 172; human. 238, 247: 
mussel, 213 
Liverworts. 60, 99. 311 

Living things, characteristics of, 21-26 
Lobsters, 188 
Lockjaw. 86. 91. 93 

Ltreomotion. Amoeba, 145; earthworm, 178; 
Paramecium. 148. 148 

Louse, body. 203: clothes. 203: crab. 203; 
bead. 203. 203 

Lumbar nerves. 274; vertcljrae. 230, 233 
Lumbricus, 17-1—184; external, 175; see also 
Earthworm 

Lungfishes. 61, 220. 220, 357; fossil, 359 
Lycopodium. 109 
Lymph. 272; glands. 170 
Lymphatic .system. 254, 272 
Lymphatics. 251 

Macronuclcus. Paramecium. 147, 149 
Macropus. 224 
Magdclenian culture. 380 
Maggots. 195; origin of. 25 
Magnesium. 242 
Malaria. 152, 202 

Malarial parasite. 94. 151. 1.52. 152 
Male, gamclophyic of seed plant. 118: hor¬ 
mone. 297; reproductive organs, human, 
293-295 

Mallard duck. 343. 343 

Malpighian, body. 252, 253, 254, 261, 262; 

tubules of grasshopper. 191 
Malt. 47: sugar. 47 
Mammalia, 61; see also Mammals 
Mammalog)-, 7 

Mammals. 223. 374; Age of. 360: archaic, 
360; development. 308-311; earliest fossil, 
360; egg-laying. 223. 224; embryology-. 308- 
311; Miocene. 361: placental, 22.5. 225; 
Pleistocene. 361; Pliocene. 361; pond. 342; 
pouch-bearing. 224, 225 
Mammary glands. 225 
Mammoth, 349. 386 

Man, adaptive radiation. 377; Age of. 361, 

380; anatomy, 227-300; antiquity on 
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American continent. 38S; arterial system. 
271; body cavities. 238, 23<); bodv In sec¬ 
tion, 238; brain. 276; cirailation. 263-272; 
coelom. 239; coniparctl to ai\tbiopoitl apes. 
376; cradle of the human race. 377: tnl- 
lural ages of, 381; development. 30f^3ll. 
310; digestion. 2-13-252: car. 289; early. 
374-390; egg. 304; embryo. 310; evolution. 
389: excretion. 260-263; external parasites. 
203; eye, 286; female reprotlutiive oig-ans, 
295, 295; fossil. 378; geological history, 
378; head. 245; heredity. 327; hormones. 
290-292; host of liver fluke. 161; host of 
malarial parasite. 152; male reproductive 
organs. 293-295. 294; modern. 383; mouth 
cavity. 241; muscles. 236; nervous system. 
273-284; olfactorv nerve. 277; optic nerve. 
277; parasites, 86,'90-91. 150. 152. 152, 159- 
170, 161, 163, 169, 202. 203. 203; pectoral 
girdle. 234; pelvic girdle. 234; phvsiologN. 
227-300; placenta. 310; Pleistocene. 378; 
relationship to animals. 375; respiratory 
system. 257; retina. 287; sense organs. 284- 
289; skeleton. 230; skull. 232; sperm. 304; 
unit characters. 328-330; venous system. 
272; vertebra, 233; zoological classification. 
374. 377; see also Human 
Mandibles, 189: grasshopper. 189, 190 
Mantle, cavity of mussel. 212; mussel. 212. 
213 

Manure worms. 185 
Maple. 125. 126; fossil. 360 
Marine life in Devonian period, 356 
Mannoset, 375 

Marriage, 332; consanguineous, 329 
Marsh hawk. 343 
Masiigophora. 61 
Mastodon. 361 

Matrix bone. 231: cartilage. 231 
Maturation divisions. 311; egg. 314 
Mature region of root, 131, 132 
Mayfly. 194 
Measles. 91. 93. 94 
Meat diet. 241 

Mechanical tissue of stem. 134, 135 
Medicine. 9 

Medulla oblongata. 274, 276, 277, 283 
Medullary sheath. 279, 280 
Medusa, 154; comparetl to vegetative polyps. 
155, 155; Obclia. 154 

Megjisporangium. seed plant. 116, 117; 

Selaginclla. 107. 107 

Mcgasporc. mother cell. 118; seed plant. 

117, 118; Selaginclla. 106, 107 
Meiosis. 112, 313, 315 
Mclanoplus, 193; see also Grasshopper 
Membrane, diiferentially permeable, 51, 
plasma, 32, 56; scmipcrmcable, 55 
Mcmbninc‘S, supporting, 239 
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Mendel. Gregor. 320-322: experiments. 320- 
322 

Mcndelian characters. 323: in man. 328-330 

Mcndelism. 320-327. 321, 322, 323, 325 

Menders laws. 371 

Meningitis. 91: epidemic. 93 

Menopause. 297 

Mctjsirual cytlc. 297 

Menstruation. 297, 298, 300 

Mcro/oitc of malarial parasite. 151. 152 

Mesenteries. 238 

Mesoderm, chick. 306. 307: siarnsh. 30(> 

Mcsoilennal tissue. 206 

Mcsoglca. Hydra. 18 

Mesolithic. 380 

Mesozoic. 351. 355. 3;>8 

Mc-lal.olis.n. 23. 210. 252. 291: ca.bohyilr.nie. 
252. 253; cell. 53. 51; fat. 253, 251; Hvdia. 
18; ine;istiieitient. 259: ]>i(>tein. 254 
Mclacaip:ils. 230, 231 
Metals. .Age of. 380. 389 

Metamcres. Aititelitla. 171: eartltwottn. l/a. 
Rra.sslioppcr. 188 

Metametisni. 174. 206; eartlittorm. 183 
Mctamorpltosis. eotttplete. 19a; tticotttpletc. 

195; inscti. 195 
Metaphasc of mitosis. 41, 42 

Metatarsals. 230, 235 

Meiaiheria. 61 wt i in 

Micromicleus. Paramecium. 147, UJ 

Micropvle. 117. 121, 122 „ . <>7 

Microscope, used by Robert 27 

Microsporangia, seed plants. 116; Selaginclla. 

Minospo/c. flou'cring plant. 119; seed plants, 
116. 118; Selaginclla. 106. 107 
MUlbrain. 276. 276 
Middle ear. 289 

Milk.^89.^249. 300; digestion. 251; sug:ir, 47: 
teeth, 245 

Milk-producing honiiotte. —)2 
Mind, arthropod. 195 
Mineral rexjuirements. 241 
Minerals, function of, 242 

Mink. 342 
Minnows. 202 
Mints. 60 
Miocene. 354 
Mississipian. 354 
Mites. 188. 316 
Mitosis. 40—13^ 41 
Modjokerta. 379 

Mold. von. 29 , . . no 

Moisture, reaction of plant to. 139 

Molar teeth. 215 
Mold, bread. 72 
Molds. 351 

Molecular formula, la 
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Molecule. 44 
Mollusca. 61, 211-214 
Mollusks. 211-214: fossil. 354 
Monkeys. 374. 375 
Monocotylcclone.ic, 60 
Morphology-, 7 
Mosaic disease. 94 

Mosquito, 151, 170, 202. 246; host of malarial 
parasite. 152 

Moss, animals, 347; gametophyte. 96; life 
cycle. 95-99. 99; sexual reproduction, 96, 
96; sporophyte. 97. 98 
Mosses, 60, 95 
Moth, silkworm. 201 
Moths, 188: clothes, 204 
Motor, center. 282; fibers of earthworm. 181: 
nerve cell. 275, 279. 279; nerve cell of 
earthworm. 181 

•Mousterian. culture. 380: flint implements 
386 

^^outh. cavity of man. 244. 245, 246; grass- 
hopper. 190: liver fluke, 160: mussel. 212; 
Paramecium, 148; planarian, 157; sense 
organs. 285 

Movement. 229-237; amoeba. 146 
Mucous membranes. 91 
Mud puppy. 221 
Multiple factors, 327 
Mumps, 94 

Muscle, biceps. 236; cells of Ascaris. 167; 
cross section. 237; fibers. 37, 38. 38, 2.37: 
filirils, 38: origin. 236; sheath. 237; smooth. 
38; striated, 38; tissue. 38; tvpical 235 

236 .r •. 

Muscles. 235-237: action of. 235. 236. 236* 
antagonistic. 236. 237; earthworm. I 77 ’. 
178, 181; eye. 286; heart. 235; insertion. 
236; involuntary. 235: lens. 288; man. 236; 
mussel, 212, 213; opposing in arm, 236; 
planarian, 158; voluntary, 235-237 
Muscular, blood vcs.sels of earthworm. 180; 
layer in roundworm. 168; system, oritriti 
of. 311 ^ 

Mushroom, 74, 75 
Muskrat. 342, 343. 343; house. 343 
Mussel, externa! features. 211; internal struc¬ 
ture. 212, 213; larva. 213 
Mussels, 211, 346 
Mustelus, 219 

Mutation. 373: in turkey. 319 
Mutations. 319. 320. 371; advantageous, 371 
Mycelium, bread mold. 73. 73; mushroom 
74. 75 

Nais, 185 

Nasal, arch. 376; capsule, 232, 232; cavity, 
245, 285; septum, 232 
Nasturtium, 117 
Natural sciences, 6, 7 


Natural selection, 372. 373 
Neanderthal man. 381. 383. 387; restoration 
of, 384; skeleton. 383; skull, 382 
Necator americanus, 170 
Neck, 229 
Nectar. 124. 198 
Nccturus. 221 
Negro-while cross. 327 
Nemathclminthes. 61, 166-I7I, 206 
Ncoceratodus. 220 

Neolithic. 380: culture. 387; stone axe. 387 
Neosalvarsan, 94 
Nephridia. Annelida. 174. 186 
Nephridium. earthworm. 176, 178, 179, 180; 

mussel. 212. 212, 213 
Nereis. 185. 185 

Nerve, auditory. 277, 289; cell, association. 
275; cell, motor, 38, 279; cell, sensory. 280: 
cell, structure. 278; cells. 38. 39; cells in 
Hydra. 17; cortl in Annelida. 186; cord 
in Ascaris. 168; cord in earthworm. 178, 
181; cord in starfish. 210; eighth. 283; 
process. 38; ganglion in liver fluke, 160; 
ganglion in planarian. 159; impulse, 273, 
280; seventh. 283; spinal. 283 
Nerves, cranial. 277. 277; earthworm, 181; 
spinal. 273; to eye muscles, 277; to in¬ 
ternal organs. 277 

Nervous system. 273-284: arthropod. 195: 
Ascaris. 167; central. 273-275. 274, 276; 
earthworm. 180; grasshopper. 191, 192; 
invertebrate. 216; man, 274; mechanism. 
278; mussel. 213; origin in mammal. 310; 
peripheral. 273; planarian. 158; starfish. 
210: sympathetic, 278; tapeworm, 163; 
vertebrate. 216, 218; vertebrate and in¬ 
vertebrate. 215. 217 

Neural, arch. 233. 233, 245; canal. 233. 233; 

spine. 233; vessel in earthworm. 180 
Neurilemma. 279, 280 
Newt, 344 
Niacin. 243 
Niche. 339 
Nicotinic acid. 243 

Nightcrawler, 174, see also Earthworm 
Nitrifying bacteria. 85 

Nitrogen, 127; in environment. 336: in soil, 

85 

Nitrogen-fixing bacteria. 85. 85, 336 
Nodes, of stem. 113, 114 
Nose, sense organs. 285 
Nostril. 245 

Notochord. 216; origin. 311 

Nuclear, cycle in alternation of generations, 

110; membrane. 32 

Nuclei, of giimetophyte. 110; of muscle cells, 

38; of sporophyte. 111 
Nucleolus. 32, 33; cell of Elodea leaf. 34 
Nucleus, 12, 32, 32, 35; diploid. 112; dis- 
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covcry of, 29: di^•ision of. 40: division of 
Spirogyva, 14; functions of, 33: haploid. 
112; in cell of Elodea leaf. 34; in tell of 
fern, 111; of blood corpuscle. 39; of l>one 
cell, 37; of cartilage cell. 37; Paramecium. 
147, 149. 150; resting. 40: Spiiog)ra. 12; 
vegetative stage, 40 
Nuptial flight of bees, 199 
Nutrient agar, 81 
Nuts. 125 

Nymph, dragonfly, 346, 346; grasshopper. 
193, 193 


Oaks, 60, 126; fossil, 360 
Oat. 77. 138 

Obclia. 153: life cycle. 154; structure, 154 

Occipital condyle. 231 

Oceanic islands, 364 

Octopuses. 211 

Odonata. 61 

Oedogonium, 70. 70 

Oenothera, 370 

Olein, 48 

Olfactory, cells. 285; lobe. 245, 274, 276. 276; 

membrane. 285; nerve. 277 
Oligocene. 354 
Oocyte. 313, 311. 315 
Oogenesis. 313 

Oogonium of Oedogonium. 70. 70 
Operculum, fish, 220 
Opossum, 225 

Optic, axis, 286, 287; lobes. 276; nerve. 276. 
276, 286, 287; nerve of grasshopper. 191; 
nerve of insect. 4, 5; nerve of man. 277 
Oral groove, Paramecium. 117, 147 
Orange, 125 
Orangutang. 375. 375 
Orbit, 232. 232, 376 
Orchids. 60 
Order. 63 
Ordovician, 354 

Organic compounds in protoplasm, 46 

Orgmic evolution, 7 

Organisms, origin of. 2.5-27 

Organization. 21. 22 

Orpns. 21: systems of. 21 

Oriental liver fluke. 159 

Origin of species. 364. 370 

Ornitholog)’, 7 

Ornithorhynchus. 223. 224 

Orihroptera. 61 

OscuUim, sponge, 208 

Osmosis, 54, 55 

Osmotic pressure, 55-57, 55; effect on cells, 
56-57. 57 
Osteichlhyes, 61 
Osiracoderms. 354, 357 
Ostracods, 345 
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Ovarian, follicle. 206. 297. 314; tubes of 
grasshopper. 193 

Ovary. 116, 120, 295, 297. 314: Ascaris. 168; 
earthworm. 176, IH3: grasshopper. 190, 
193; human. 295: Hydra. 18, 20; liver 
fluke. 160; planariaii. 159; roundworm, 
167 

Oxcrproductioii. 369 

Oviduct, earthworm. 176, 183: grasshopper. 

190, 193: human. 295, 310; planarian. 159 
Ovulation, human. 296. 297. 300 
Oxule. 116, 117, 118, 120, 121; lougitudiiml 
section, 118 

0\um. 303: human. 296 
Oxidation, as part of respiration, 256; of 
fatty acids, 254 

Oxygen. Ml atjnospheric. 258; in environ¬ 
ment, 335: in ponds, 339; transport. 256, 
264 

Ovsic«. 211 

4 


Palate. 214. 245; hard. 232 
PalcHfliihic, 380; culture. 385 
Palc'ontology. 7, 349-363 
Paleozoic, 354. 355; feiJis. 105 
Palis;ide tissue of leaf. 127. 128 
Palinitin. 48 
Palms. 60; fossil. 360 
Pancreas. 238, 246, 248, 290 
l»aiKTealic duct. 247: juice. 250 
Pantothenic acitl. 243 
Paragonimus. 162 

Paramecium. 147: avoiding reaction. 149; 
division, 150; locomotion, 148; siruciure. 


146 

Parasites. 72. 77. 90-94. 151. 152. 159-17.3. 
185, 202-204; <lcgencracy in. 172; external 
of man. 203; life cycle. 172: reproduction. 

172 

Parasitism. 171 — 173: a<laptati()ns to, 172, 
mussel larva. 214; origin of. 172 
Parathyroid gland. 290, 292: hormone. 292 
Parenchyma. 135; cell. 36; in stem. 134 
Parietal vessel, earthworm. 180 
Parmelia. 78 
Parslevs. 60 

4 

l>;irihein){?encsis, 318 


Partula. 363 

Pasteur. Louis. 2.5-27. 77. 89: experiment 
on spontaneous generation. 26 
Pasteurization. 89, 90 
Pastures of the sea. 72 

Pea. cross beixvecn red and xvhite. 323; in- 
heriiancc, 323 
l*cach. 125 
Pear, 125 
Peat mosses, 99 
Pectoral girdle. 234 
Peking roan, 379 
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Pclecvpoda. 61 

Pelvic girdle. 234, 235 

Pelvis, diagrammatic section of female, 295 

Penicillin. 7-1. 91 

Penicillinm, 71. 9-1 

Penis. 291. 294, 295: grasshopper. 193 

Pennsylvanian period. 351 

Peptones, 219 

Perch. 314. 344 

Perennial woody plants, 115 

Perennials. 115 

I’erianth. 116 

Pericarthal cavity, grasshopper, 192: man. 

237. 238. 238; mussel. 212 
Periods, geological. 3.51. 355 
I’eripheral nervous s\stem, 273 
Peri.stalsis. 2-18 
Peritoneum. 238 
Permian. 35-1 

Petal. 116. 116, 117, 120; transition to sta¬ 
men, 117 

Petiole. 114, 126. 126 
I’etri dish. 81 
Petrifaction. 350 
Petrified forests. 350 
Petromv/on. 219 
Phagocvtcs. 92 
Phalanges, 230, 235 
Phanerogamic hotany. 7 
Pharynx. Ascaris, 166; earthworm, 176, 179* 
liver fluke. 160, 160; man. 244. 246, 256:’ 
planarian. 1.58. 158, 159; roundworm. 167 
Phetiot\pc. 321. .326 
Phloem. 128, 134, 140 
Phosphorus. 212 

I'hotosynthesis. 13. I I. 51. 67. 128. 140, 331. 
335; compared to respiration. 137: con¬ 
ditions for. 129: eflit iencv of. 129, 336 337* 
Spirogyra. 13 ' ■ . , 

Phylum. 59 

Physical agents in environment. 336 
Physical basis of life. 44 

Phvsiology. 7: as evidence of evolution. 367* 
human, 227-,TOO; of g.ccn plant. 140: of 
plant as a whole. 139 
Pickerelwccd. 340, 340 
Pig. 166 

Piltdown skull. 381. 382 
Pine, 126 

Pineal body. 245, 276 
Pistil. 117, 118. 120 
Pitcher plant. 127 
I’ilh. 1.34, 1.35 
Pithecanthropus. 379. 

384; skull. ,381. 382 

Pituitary gland. 245, 276. 276, 290, 292 '’96 
297. 300 

PLicema. 226. 299, 300, 310; human. 29S 

310 


380: restoration ol 


Placental mammals. 225. 304 
Plague. 10. 93 

Planarian. 157-159. 172. 346, 347; external 
features. 158; internal structure, 159 
Plankton. 348; fre.sh-water. 342 
Plant, flowering. 114; hormones, 138 
Plants, evolution of. 60; primitive land. 95, 
98 

Plasma, blood, 39. 263-265 

Plasma memhrane. II. 32. 32, 34, 56 

Platelet, blood. 263, 264 , 265 

Platyhelminthes. 61, 157-166. 206 

Pleistocene, 354, 301 

Pleura, 257. 257 

Pleural cavities, 238, 238 

Pliocene. 354 

PItim. 125 

Pod. 125 

Point of attachment of chromosome. 42 
Polar, bodies. 313, 314: caps. 42 

Pollen. 119. 124. 124, 199; grains. 119; tube. 
119. 120 

Pollination. 119, 120, 123. 124 
I’ollution of water. 310 
Polycbaetc worm. 185 
Polymorphism, ants, 200 
Polyp, compared with medusa. 155; fresh- 
water. 16-20: Obelia. 153; reproductive. 
154. 154 * 

Polypodiuin. 100 , 102 

Pond, food relations in. 347; life, 339, 340; 

scum. 11-16 
Pons. 245, 274 
Poppy. 125 
Pore fungi. 76 
Pores, sponge. 208 
Porifera. 61, 207 
Pork. 162-164. 169 
Potassium. 242 
Potato. 138 
Praying mantis. 194 
I’regnanty. 298; test. 300 
Prcmolar teeth. 245 
Prepuce. 294 
Preservation of food. 88 
Pressure, osmotic. 55-57 
Primates. 61, 374: descent. 375; evolution, 

375; fossil. 377: relationships of. 375 
Primrose, inheritance. 371 
Primula, inheritance. 371 
Principle. 5: of evolution, 5 
Piocess, transverse, 233 
Procchidna. 225 
Progestin. 298 

Proglottid, tapeworm. 162. 163 
Prognathous jaws. 376 
Prophase of mitosis. 41. 41 
Prostate gland. 294. 294 
Protein metabolism. 251. 254, 255 
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Proieins, 49. 125. 219. 250; caloric yield. 259; 

function of. 49, 254. 255; synthesis of. 49 
Proterozoic cm. 351. 355 
Protochordates. 61 

Protoplasm. 11. 56. 210; alveolar theory of. 
53; amoeba. 146; chemical elements in. 
45; chemical subsiancc^s in. 46: fibrilar 
theory of. 53; finer sinictnrc of. 53: granu¬ 
lar theory of. 53; inorg-.niic compounds in. 
46; naming of. 29: of sieve tube. 36; or¬ 
ganic compounds in. 46 
Protoplasmic procc*sses of bone cells. 37 
Protoplast. 11. 32 
Prototheria, 61 

Protozoa. 61, 143-1.52. 144, 205. 206, 347; 

fossil. 354 
ProiozoologN. 7 

Pseudopodia. 143. 144, 146, 150 
Pteranodon. 359 

Picridophyia. 60; see also Ptei idophytes 
Pteridophytes. 99-112; fossil. 358 
Pterosaui-s. 354. 360 
Ptomaine poisoning. 85. 89 
Ptomaines, 85, 89 
Puberty. 296 
Public health, 9 
Pilffballs, 76 

Pulmonar>- arterv. 252, 257, 268, 271; cir¬ 
culation. 266; vein. 257, 268, 272 
Pulse. 270 
Pulse of life, 363 
Pupa, bee. 198 
Pupil. 286, 287 
Pure culture of bacteria, 83 
Pus. 90 

Putrefaction. 84 
Pyloric valve. 246, 247 
Pyrenoid, 12; Spirogvra, 12 
Pyridoxin, 243 

Python, vestigial limbs, 366 

Quaternary. 354 
Queen bee. 197. 198 
Quinine. 94. 152 

Rabbit, development. 308, 309; egg. 309 
Rabies. 92, 93 
Races of bees, 197 

Radial symmetry, coelcnteratcs. 156; starfish, 
211 

Radiolaria. 150 
Radius. 230, 234 
Rana. 221 
Ranunculus. 116 
Rat flea. 204 
Rays. 219 

Reactions, of plants. 138; of animals, 283 
Receptacle. 115, 116, 120 


Recessive character, 324 
Rectnin, grasslH)ppcT. 190; human. 238, 246, 
217. 295 
Red alg-.ie. 71 
Redi. Francesco. 25 

Reflex, act. 196. 197. 281. 283; arc. 281: arc 
in earihuorm. 181, 182: audiiory-liead- 
(nrniteg. 282. 283; conditioned. 283; paili 
of. 283; spinal. 281; tastc-salivatoiy. 283 
Reflexes, in brain. 282 
Regeneration, planarian. 159 
Region of elongation. 132 
Renal, aitciv. 261, 271; vein. 261, 272 
Reproduction, amoeba. 146, 116; .\staris. 
168; bread mold. 72, 73. 73, 71; fern. 101. 
103. 104. 104; human. 293-300; Hvdra. 20; 
malarial parasite. 151. 1.52. 152; moss. 96. 
96, 97; imisbroom. 75. 75; mussel. 213: 
Ohelia. 154. 154, 1.55: Oedogonium. 70. 
70; Paramecium. 119. 150; seed plant. 118- 
120. 120; Selaginella. 107, 107, 108, 108; 
tapeworm. 161: iNpcs, 303-311: Ulothrix, 
68-70. 69; yeast. 76, 77 
Reproductive org;»ns. earthworm. 176, 183: 
fern, 103. 103, 104; human female. 29.5- 
296: human male. 293-295. 294; Hydra. 20. 
20; liver fluke, 160, 161; moss. 96, 96, 97; 
mussel. 213. 213; seed plant. 118. 118, 119. 
119; Selaginella. 107. 108; starfish. 210; 
tapeworm. 163, 164 

Reptiles. 222. 222; Age of. 359: flying. 222. 

359; fossil. 351. 358 
Reptilia. 61; see also Reptiles 
Resistance to disease. 92 
Respiration. 14. 137. 256-259. 300. 335; 
amoeba. 145; chick embrvo. 308; compared 
to photosynthesis. 137: embryo chick, 308; 
external, 256: green plant. 140; human, 
258; Hydra. 18, 20; internal. 256; pla¬ 
narian. 158; Spirogvra, 13 
Respiratory, center. .300: movements in grass¬ 
hopper. 191; orgtins of starfish. 210; organs 
of vertebrates. 218; system of grasshopper. 
191: system of tnan. 256-259. 257; systems 
of vertebrates and invertebrates. 216, 217 
Response to environment. 24 
Response to stimulus. 24 
Restoration, Cro-Magnon man, 384; Ne¬ 
anderthal man. 384; Pithecanthropus. 384 

Resurrection moss. 106 

Retina, human. 286, 287. 287, 288: section. 

287 

Rliinoceros. 386: fossil. 361 

Rliizoids. fern. 102. 102, 103, 105; moss. 96: 

Selaginella, 108 
Rhi/opus, 72, 72, 73 
Rhubarb. 115 
Rilroflavin. 243 
Ribs. 233. 258 
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Rocks, age of, 354. 355: sedimentary', forma¬ 
tion. 352 
Rockwecd, 71 
Rod cells. 288 
Rodenila, 61 
Rods in retina. 287 

Root. 128, 130-131, 136, 138; cap. 131; de¬ 
velopment of, 122. 122; fern. 100, 101: 
hair. 122, 131. 132; pressure. 136; primary. 
114; secondary. 114; spinal nerve. 275; 
tip. 131, 131; tubercles. 85 
Rootcap. 132 
Roses. 60 

Rotation of crops, 86 
Rotifera, 61, 347 

Rounduorm. 166. 169; dissection, 167; trans¬ 
verse section. 168 
Roundworms. 166-171. 206 
Roval jelly, 199 
Rye. 77 

Sahertooihed tiger, 361 
Saclike, animals, 153-1,56; structure, 206 
Sacral nerves. 274 
Sacrum. 230, 233. 234, 235 
Sage, common. 121. 124 
Sagittal crest, 376 
Salamanders. 221, 314 
Saliva. 249; flow of. 283. 284 
Salivary, gland. 216. 282. 283; gland in 
grasshopper. 190. 190; gland in man. 245; 
motor center. 282: nucleus. 283 
Salvarsan, 91 
Salvia. 124 
Sandpipers, 313 
Sangirnn, 379 
Saprophytes, 72, 74 
Sarcodina. 61 
Sauerkraut, 89 

Scales, fish. 215: of cartilaginous fishes, 219- 
of reptiles. 215. 222 
Scale-trees. 357 
Scarlet fever. 85. 91. 93 
Scarlet runner. 85 
Schistosoma. 162 
Schlciden. Jakob. 29 
Scliwann, Theodor. 29 

Science, field of. 3: method of. 3-6; point of 
view of, 7 

Scientific knowledge, classification of. 6. 7; 

systematization of. 6. 7 
Sclerotic coat. eye. 286, 287 
Scorpions. 188 
Scrotum, 293. 294 
Scum, pond. 11-16, 339 
Scyphozoa, 61 

Sea. anemones. 156; lily. 356; scorpions. 354 
Seashore, fossils formed on. 851 
Secretions, internal, 290-292 
Sedimentary rocks, formation, 253 


Sedimentation tanks. 88 
Seed. 113, 120. 121. 125. 138; coat. 121. 122; 
germination of. 122 

Seed plant, life cycle of, 123; vegetative 
organs of. 126 
Seed plants. 113 
Seedling, root of. 131 
Segmented worms. 174-186. 206. 207 
Segre^tion, heredity, 323 
Selaginella. 107, 108, 109; life cycle. 106. 108 
Selection, artificial, 372 
Semicircular canals of ear. 289, 289 
Seminal, fluid. 294; receptacle of planarian, 
159; vesicle of earthivorm. 176; vesicle of 
man. 294, 294 
Sensation. 284 

Sense organs. 281; earthworm. 183; grass¬ 
hopper. 192: in mouth. 285; in nose. 285; 
in skin. 285 

Sensory cells, 275, 280; olfactory, 285; retina, 
287, 288 

nerve fibers in earthworm, 181, 181 
Sepals. 115. 116, 120 

Septum, earthworm, 177, 180; nasal, 232 
Sequoia, 136 
Scrum, blood. 265 
Setae, earthworm. 175. 177 
Sewage. 86, 87; disposal. 87 
Sex. characters. 296; chromosomes. 316, 317. 
317; determination. 316, 317; evolution of, 
68. 70 

Sexual reproduction, bread mold. 73, 71; 
earthworm. 183. 184. 184; fern. 103. 101. 
104; flatworm. 161. 161; grasshopper, 19.3; 
Hydra. 20. 20; malarial parasite, 151, 152; 
man. 293-300; mos.s. 96, 97: Obelia. 154, 
155; Ocdogoniuin. 70. 70; roundworm, 167, 
168; seed plant. 118. 119, 120. 120; Sela¬ 
ginella. 107. 108. 108; Spirogyra, 15. 15; 
tapeworm. 163, 164; Ulothrix. 69, 70 
Sharks, 219 

Sheep. 165; domestication, 388 
Shelf fungi. 76 

Shell, hen s egg. 306; mussel, 211 

Shells, egg. 304 

Shepherds purse. 121 

Shoot of seed plant, 113. 122. 122 

Shoulder, blade. 230, 234, 234; joint, 234 

Shrimps, 188 

Shrubs. 115 

Sieve tube. 36. 36, 135. 135, 136 

Silk culture. 202 

Silkworm. 201. 201, 372 

Silurian. 354 

Silverfish, 194 

Simiidae. 375, 376, 383 

Simple eyes, 189 

Sinanthropus, 379, 380; skull. 381, 382 
Sinuses, 90 

Siphon, mussel. 211. 211, 212, 213 
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Skeleton, appendicular, 2 $\, 23a; Australian 
bushnian, 3S3; external, arthropod. 187; 
external, grasshopper, 188; gorilla. 383; 
human. 230-235. 230; iiweriebrate, 216; 
Neanderthal man. 383; origin in mammal, 
311; starfish. 211; vertebrate. 216; verte¬ 
brate and invertebrate, 217 
Skull. 231. 232, 232; Cro-Magnon. 382; fos¬ 
sil ape, 382; functions. 232; gorilla. 376; 
human, 230, 231, 232, 232, 376; human 
compared to gorilla. 376; Neanderthal, 
382; Piltdown. 382; Pithecanthropus. 382; 
Sinanthropus, 382 

Skulls, comparison of. 382, 383; fossil, 361, 
379. 381 

Slave-making ants. 201 
Slime lube, earthworm, 184 
Slugs. 211; vestigial shell, 366 
Smallpox, 91. 93. 94 
Snail, host of liver fluke. 161 
Snails. 211. 3-16. 363; fossil. 357 
Snake, water, 340 
Snakes, 344 

Snapdragon, 321; inheritance, 320-322 
Social life, of insects. 196, 197; of man, 390 
Society, a biological phenomenon. 10 
Sodium, 242 

Soil. 184; bacteria in. 85 
Solutrian culture, 380 
South America. 166 
Sow bugs, 315 

Species, diltercnces, 371; definition of, 02; 

naming. 62; origin. 370 
Sperm, fern. 104; human. 304; Hydra. 20; 
moss, 96, 97: Oedogonium, 70; seed plant. 
119; Selaginella. 108 

Sperm duct, earthworm, 176, 183: man, 293. 
294; planarian, 159 

Spermathcca, bee, 199; earthworm, 176, 183; 

grasshopper. 190, 193 
Spermatid. 313, 314 
Spermatocyte. 313, 314, 315 
Spermatogenesis, 313 
Spermaiophyta. 60 

Spermatozoa. 303, 313; formation. 313. 314; 

human. 298 
Sphenoidal sinus, 245 
Sphex. 196 

Spicules, sponge. 208, 209 
Spiders, 188. 346; fossil, 357 
Spike moss, life cycle, 106 
Spinal, column. 376; cord. 245, 273. 276, 283; 
cross section, 275; nerve, visceral branch 
of. 275; nerves, 273, 274, 274, 275, 283; 
reflex. 281 

Spindle in mitosis. 42, 43 
Spines, starfish. 210. 210 
Spiny anteaier. 225 
Spiracles, grasshopper. 189, 191 
Spirillum, 79, 80; cholera, 91 
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Spirogyra, 11-16, 12; metabolism, 13; sexual 
reproduction, 15 
Spoiling of wines, 90 

Sponge. 207. 208, 347: flagellated cells. 208; 

fossil. 354; spicules, 208; structure. 206-209 
Spongy tissue. 127. 128 
Spontaneous generation. 25-27. 26 
Sporangium, bread mold, 72, 73, 73; fern. 

100, 101, 101; seed plant. 116 
Si>orc. bread mold. 72, 74; fern, 101, 101, 
111; formation in alternation of genera¬ 
tions. 112: formation, fern. Ill; formation, 
malarial parasite. 152; germination of, 
Spirogvra. 16; moss. 97; mushroom. 75. 
75; Oedogonium. 70; Spirogyra. 15. 16; 
L lothrix. 69; yeast. 76, 77 
Sporophyll. of flowering plant. 117 
Sporoplivte. fern. 100. 100, 101, 105; moss. 
87. 98; nuclei. Ill; seed plant. 113. 126; 
Selaginella. 106, 107 
Sporozoa. 61 

Sporozoites, malarial parasite, 151. 152 
S(|uids, 211 
Stable fly, 194 

Stamens, 116, 116, 117, 117, 120 
Staphs loroccus. 80. 80 
Starch. 47. 137; digestion. 249 
Starfish. 209-211; early development. 304- 
306. 305; external features. 209; internal 
structure. 210, 210; longitudinal section. 


210 

Stearic acid. 48 
Stearin. 48 
Stegomvia. 202 

Stem. 115. 134: alfalfa. 134; cross section. 
134; fern, 100. 100; Obclia. 153: under¬ 
ground. 138 

Siciilization. 81. 81; of food. 88 
Stigma, 116, 117, 119. 120, 124, 124 
Stimulus. 24. 139. 284 
Stinging cells. 156 
Stolon, bread mold, 72, 73 


Stoma. 128 

Stomach, grasshopper. 190, 191; human. p8, 
246. 246; 278; mussel. 212. 213; starfish, 


lata. 127. 130 

c. Age. 385-388; axes. 385-387, 386, 387; 

iplcmcnts, 385-387 

clly. 194 

cworts, 342 

jgc, told, 89 

:a. 352 

lification of rocks. 353 
^tococcus. 80, 80, 94 
ctiiral type. .59 
gelc for existence, 369. 370 

r. of flower. 116, 118. 120 

rlavian arteries, 271; vein, 272 
:uUuring bacteria, 83 
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Subcsophageal ganglion, grasshopper. 190 
Submergence, sedimentary rocks, 352 
Sugar. 13. 14. 47. 137; absorption, 253; cane, 
47, 97; malt. 47; milk. 47 
"Sulfa” drugs. 94 
Sulphur. 242 
Sunfish. 344 

Sunflower. 114. 114, 126; leaf. 128 
Superior, mesenteric artery. 271; vena cava 
267, 268, 271 

Superposition, law. 352. 353 
Support, mechanical of organism. 229-235 
Supporting membranes, man. 238, 239 
Supraesophageal g;inglion. earthworm. 176; 

grasshopper. 190, 191, 192 
Supraorbital ridges. 376 

Siiprapharyngcal ganglion, earthworm. 181, 

ISI 

Survival of the fittest. 369 

Suspensor. seed plant. 120, 121; Selaginclla 
108. 108 
Suture, 231 
Swallowing. 218 
Swarming of bees. 199 
Symbiosis, 72. 78 
S>mphaiit nervous system. 278 
Synapse, 281 

Synapsis, chromosomes, 315 
Synthesis of proteins. 49 
Syphilis. 94 

Systemic circulation. 266 
Systems of organs. 21 


Theory, 5 
Thiamin, 243 

Thoracic cavity. 237; nerves. 274; vertebrae, 
230, 233 

Thorax, arthropod, 187; grasshopper, 188, 
189. 189 

Thread capsules, 147 
Thrips, 194 

Thyroid gland. 290, 291. 292 
Thyroid stimulating hormone, 292 
Thyroxine. 291, 292; effect of excess, 292 
Thysaniira. 61 
Tibia. 230, 235 
Ticks, 188 

Tin, use to make bronze. 389 

Tissues. 22: conducting. 95. 135; muscle. 38; 

plant. 36; sections of, 31; spongy, 128 
Toadstool. 74 
l ongue. 244. 245, 246 
1 onsils. 90. 245; nasal. 245 
Toxins. 85. 92 
Trachea. 256. 257 
Tracheae, grasshopper. 191 
Transfer of bacteria, 91 
Translocation. 137 

Transmission of infectious diseases. 90 
Tianspiration. 129. 136: green plant, 140; 
stream. 136 

Transverse division. Paramecium. 149; proc¬ 
ess, 233 

Tree. 115. 137; ferns. 105. 357 
Trematoda. 61 


Tadpole. 344 


Taenia. •162-166. 163; saginata. 165; solium 
162-164 


Tail, spermatozoon. 303: vertelmitc. 216 
Tapeworm. 162-166. 163; a colony, l64: life 
cycle. 163; pork, 162 
Tarsals, 230, 235 

Taste, oigjins. 283, 285; primary center, 283 
Taxonomy. 7 

Tear, canal, 286; gland. 286 
Teeth. 244; function. 245; wisdom. 366 
Telophase of mitosis. 41, 43 
Temperature, and life. 337; body. 259; body 
equalization, 265 
Tendons. 236 
I'endril. 127 

Tentacles, of Hydra. 16. 18 
Terminal branches, nerve. 279 
Termites. 194, 197. 204 
Tertiary. 354 

Testes, descent. 293; earthworm. 183 
Testis, earthworm. 176; gJisshoppcr. 193; 

Hydra. 18, 20; human. 293, 294; liver 
fluke, 160; planarian. 159 
Tetanus, 86. 91. 93: bacillus, 91 
Thallophyta. 60, 67 
Thallus, 67: lichen, 78; plants, 67 


Trial and error. Paramecium, 149 
Triassic. 354 
Triceps muscle. 236 
Trichina worm. 169 
Trichinella spiralis. 169. 169 
Trichinosis. 169 
Trilobites. 188. 354. 356. 356 
Trinil. 379 

Trophozoite, malarial parasite. 151. 152 
Tropism, 139 
Trypanosoma. 151 

Tube, cell of seed plant. 118. 119; feet of 
starfish. 209, 210; nucleus. 119 
Tubercles in roots. 85. 85 
Tuberculosis. 91. 93 

Tube-withina-tiibe. 166: Annelida. 186 ; 

earthworm. 177; structure, 206; type, 171 
Tubifex. 185 
Turbellaria. 61 
Tiirbinal bones. 232 
Turkey, mutation in. 319 
Turnips. 138 
Turtles. 222, 343. 344 
Twins, identical. 327 
Tyndall effect. 52 
Typhlosole. earthworm. 178, 179 
Typhoid bacillus. 91 
Typhoid fever, 90. 91. 93 
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Ulna. 230, 231 
Uloihrix. 68; life cycle, 69 
Ulva, 68 

Umbilical cord, 299. 299, 300. 310 
Umbo, mussel. 211, 211 
Unicellular animals. 113-152 
Unit charactei^. 320. 323, 326; man. 328-330 
Urea, 20. 116. 254, 262 
Ureter, human. 260. 260, 261, 294, 295 
Urethra. 260, 261. 291. 294, 295 
Urinary bladder, human, 238, 260. 260, 294, 
295 

Urine. 262 

Uriniferous tubule, human, 261, 262 
Useful insects. 201 

Uterus, Ascaris, 168; human. 295, 296, 207; 
liver fluke. 160, 161; pic'gnant, 299, 310; 
roundworm, 167 

Vaccination. 93 

Vacuole, cell. 32; Elodea leaf, 34; Spirogvra, 

12. 12 

Vagina, grasshopper, 190, 193; human. 295, 
296. 300 

Valves, of heart, 268, 268 
Variation, 369 

Vascular bundle. 131. 134, 135 
Vascular system, human, 263-272; vertebrate, 
218; vertebrate and inverlebnue. 217 
Vegetal pole, egg. 305 
Vegetative organs of seed plants. 126 
Vegetative polyps. 154 
Vein, hepatic. 271. 272; iliac. 272; innomi¬ 
nate. 272; jugular. 272; pulmonary. 268, 
272; renal. 272; subclaviati. 272; iiansvcrsc 
section, 266 

Veins, human. 271, 272; mussel. 212; of leaf. 
126 

Vena cava, inferior, 267, 268, 271. 272; su¬ 
perior, 267, 268, 271 
Venous system, human, 272 
Ventilation. 258 

Ventral, blood vessel of earthworm. 180; 

root of spinal nerve, 274 
Ventricles of human brain. 245, 276, 277; 

of human heart. 267, 268. 268, 271 
Vermiform appendix. 246, 247, 366 
Vertebra, human. 233, 233 
Vertebrae, 230, 233 
Vertebral column. 233 
Vertebrata. 61, 215 
Vertebrate structure, 216 
Vertebnites, 215, compared to invertebrates. 
215-217; evolution of, 226; order of in 
fossil record, 362; problems solved by, 
218 

Vestigial organs. 366: as evidence of evolu¬ 
tion. 366 

Villi in placenta, 310, 310 

Villus, intestinal. 250. 251, 252, 253, 254 


Vinegar. 90 
Vinhow. 30 

N'iruscs. libcrablc. 93. 91 
\'isccral, branclt of spina! ncivc, 275; g;in- 
glion, 275 

Vision. 28S; color. 288 
\iiA force. 23 
^'i(amin. 211 
Vitamins. 138. 212. 213 
\'iircous humor. 286, 287 
\’ocal cords. 256 

\o!vox. 151. 342; compared to blasiula, 305 

Wallace, Alfred Russel, natural selection. 
369 

Warm-blooded. 222. 259 
Wasps. 196. 197 
Waste materials, transport. 265 
Water, absorption of, 132; bacteria in. 86; 
l)acleriology of. 87; bugs. 316; chemical 
formula, 15: chlorination of, 88; cycle, 331, 
flea. 315; in cnviiomncni. 333, 331; lily, 
117, 117, 310. 340; path of in leaf. 130; 
skaters, 316; striders. 316; supplies. 71. 80, 
81 

\Vatcrmclon. 125 

Watcr-vascular system, starfisln 210. 210 

^Vax. bees. 199 

Whale. 365 

Wheat. 1II: rust. 77 

^\’hcel animalcules. 317 

While substance, spinal cord. 275, 275 

^Vhooping cough. 93 
Willows. 60 

Wings, grasshopper. 189, 190 
Wisdom teeth. 366 
Wood. 135; fossil. 3.50 
Worker, ant. 200; bee, 197. 198 
Worms. j)ond. 317; tube. 317 
Wucheicria bancrofii. 170 

X chromosome. 316, 317. 317 
X ray of barium meal. 248 
Xylein. 128, 134, 135, HO; cells. 135; vessel, 

135, 136 

Y chromosome. 316, 317. 317 
Yeast. 19. 50. 76. 76, 90 
Yellow fever. 92, 91 
Ycliowsione Park. 350 

Yolk, formation of. 311: in hen's egg, 306, 

307; in human egg. 301 
Yolk sac. chick. 307: human. 310; mammal, 

309 



Zveoie. 15. 313; bread mold. 73, 71; fern. 
Ill; malarial parasite. 151; seed plant. 
120; Spirogyra. 15; IJlothrix. 69 
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